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CHAPTER 1: GENERAL INTRODUCTION 
Customers of animal products continue to request information on how animals 
have been raised, handled, transported and processed (Grandin, 2007; Hemsworth et al., 
2009; Johnson, 2008, 2009). U.S. producer groups have created species-specific on-farm 
welfare assessment programs with varying degrees of application (i.e. site location) and 
content (i.e. animal- and resource-based measures; NCBA, 2010; NMPF, 2010; NCC, 
2010; NPB, 2007; NTF, 2004; UEP, 2010). 
Within on-farm welfare assessment schemes, parameters can be broadly divided 
into animal- and resource-based. One animal-based measure is the animal-human 
relationship (Hemsworth and Barnett, 1991). In the presence of humans, farm animals 
can display behaviors/postures that have been frequently labeled as “fear” or “fear 
responses.” Such behaviors include human avoidance which an animal exhibits by 
withdrawing, piling, or attempting to escape (Anderson et al., 2006; Hemsworth et al., 
1989; Scott et al., 2009). The underlying assumption when using the animal proximity to 
the human measure is that most fearful animals will maintain a greater distance from a 
human. However, an animal’s “willingness to approach” (i.e. “touch”) or avoid humans 
may not solely reflect their fear (Mülleder et al., 2003; Scott et al., 2009). Animals have 
competing motivational behavioral systems that include curiosity (Murphy et al., 1981), 
feeding (Lensink et al., 2000), and exploration (Marchant et al., 1997). This makes “fear”, 
“avoidance”, and “approach” concepts challenging, due to the complex motivational 
system interplay. 
Animal-human interaction tests have been applied to determine fear or approach 
behaviors in numerous farm species; for example the open field (Mormède et al., 1984), 
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novel object approach, and human approach tests (Grandin, 2007; Hemsworth et al., 
1996; Rushen et al., 1999). Fangman et al. (2010) coined the term “willingness-to-
approach” or WTA as a positive alternative to fear that describes nursery pig approach 
behavior elicited by a human observer in the home pen. Whether one is measuring 
approach or avoidance behavior of an animal to a human in the pen, for on-farm animal-
human interaction tests to be meaningful, it is important to consider the time that a test is 
applied. Forkman and coworkers (2007) have suggested that the first, immediate animal 
response to a novel or unfamiliar object is most accurate when evaluating the animal-
human interaction test repeatability. If digital techniques can be utilized to capture an 
image of pigs within a pen at a given time point, then behavioral classification, precise 
proximity from the human observer and pig location within their home pen may provide a 
more objective and repeatable result for animal-human interaction measurements on-
farm. Therefore, these studies compare a live human observer and digital image 
evaluation to determine pig behavior classification accuracy into “touch”, “look”,’ 
“approach”, and “not” categories when housed in small and commercial sized nursery 
pens. 
 
Thesis Organization 
This thesis is organized into 7 chapters. The first chapter is a general introduction 
to pig approach/avoidance behavior. The second chapter is a literature review of the 
human-animal interaction and how this could be applied practically. The third chapter will 
define a plethora of measurements that are frequently referred to in this thesis. The fourth 
chapter is a research study titled “Nursery pig behavior classification comparison using 
3 
 
human observation and digital image evaluation methodologies when housed in small 
pens.” The fifth chapter is a research study titled “Nursery pig behavior classification 
comparison using live human observation and digital image evaluation methodologies 
when housed in commercial pens.” The sixth chapter is a research study titled “Live 
human observation and digital image evaluation comparison when assessing nursery pig 
behavior before and after injection.” The seventh chapter is a general summary of all the 
research chapters. Each research chapter has been prepared for journal submission. 
Chapter 4 will be submitted to Computers and Electronics in Agriculture, Chapter 5 will be 
submitted to Journal of Swine Health and Animal Production, and Chapter 6 will be 
submitted to Journal of Animal Science. All research chapters follow the journal 
guidelines and include an Abstract, Introduction, Materials and Methods, Results and 
Discussion, and Literature Cited. 
 
Expected Outcomes 
To date four Animal Industry Reports (2012: Department of Animal Science, Iowa 
State University) have been published. In addition, one peer reviewed abstract was 
presented at the Midwest 2012 American Society of Animal Science meetings. Two 
National Hog Farmer Research Reports and three peer reviewed manuscripts from this 
thesis will be submitted to the respective journals. The first manuscript to be submitted to 
Computers and Electronics in Agriculture is titled “Nursery pig behavior classification 
comparison using human observation and digital image evaluation methodologies when 
housed in small pens.” The second manuscript to be submitted to Journal of Swine Health 
and Production is titled “Nursery pig behavior classification comparison using live human 
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observation and digital image evaluation methodologies when housed in commercial 
pens” and the third manuscript to be submitted to Journal of Animal Science is titled “Live 
human observation and digital image evaluation comparison when assessing nursery pig 
behavior before and after injection.” 
 
Practical Implications 
The results from this research are expected to aid the U.S. swine industry in 
identifying animal-human interaction test parameters that could be considered for 
inclusion into an on-farm welfare assessment program or third party audit. 
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CHAPTER 2: DEFINITION OF MEASURES USED IN RESEARCH CHAPTERS 
This chapter provides the reader with an orientation to the definitions as well as the 
methods used to collect data for these research trials. In addition, visual aids are included 
to better illustrate the methodologies that will be discussed. 
 
Nursery pen image capturing device 
Device & 
parts  
 Cast iron base 
 Steel base 
 PVC T 
 PVC pipe 
 Digital camera 
 Camera base 
 Tripod head 
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Behaviors and postures: “Touch” and “Look” 
Touch Any part of the pigs’ 
body touching the human 
observer. 
 
7 
 
Look Eye contact (both eyes) 
with the observer. 
 
8 
 
Behaviors and postures: “Not” ethogram 
Term Definition Image 
Stand Upright position with all four 
feet on the floor. 
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Sit Back legs relaxed with body 
resting on the floor with 
buttocks or thighs. 
 
10 
 
Pile Two or more feet off the floor 
with body erected atop a pen 
mate. 
 
Lie All legs relaxed with 
underside in contact with the 
floor. 
 
11 
 
Head in feeder Head down in feeder. 
 
Mouth around 
drinker 
Mouth on nipple of drinker. 
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Snout and tail base proximity measures 
Custom 
standard 
Object of known length 
(device base, feeder) used 
to convert pixel length 
measured by ruler tool to 
actual proximity 
measurements. 
 
Snout 
proximity 
Using Adobe Photoshop 
ruler tool, proximity from the 
observer’s index finger to 
each pig snout (defined as 
the superior nose midpoint) 
is measured in cm. 
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Tail base 
proximity 
Using Adobe Photoshop 
ruler tool, proximity from the 
observer’s index finger to 
each pig tail base (defined 
as superior rear where the 
tail began) is measured in 
cm. 
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Location of pigs in relation to a human observer 
Pen divided 
into thirds  
The length of the nursery pen 
was measured with the Adobe 
Photoshop ruler tool from the 
pen gate located directly behind 
the midpoint of the observer’s 
back to the opposite wall 20 cm 
from the floor. A transparency 
was taped to the computer 
monitor. The total length of the 
pen was 220 cm which was 
divided into thirds (73.3 cm, 
146.7 cm and 220 cm) where 
straight lines were drawn with a 
standard ruler. Pigs were 
counted within the lines. A pig 
was considered in a section if 
both eyes and at least 1 
complete ear were in front of the 
line. 
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Pen divided 
into fourths 
This was repeated 
when the pen was 
divided into fourths 
(55 cm, 110 cm, 165 
cm, and 220 cm) 
where lines were 
drawn on the 
transparency with a 
standard ruler. 
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CHAPTER 3: LITERATURE REVIEW 
Introduction 
An area that continues to be discussed across the production chain is the 
feasibility of collecting farm-based animal behavioral measures that are repeatable, 
objective, meaningful, and fast. A universally agreed and accepted on-farm animal 
behavioral methodology does not yet exist even though considerable effort has been put 
forth. This lack of methodological protocol standardization has lead to experimental 
designs so different from each other (such as different tests used in the same experiment, 
differences in time duration for the same test, and home versus test environments; 
(Forkman et al., 2007) that extrapolation to any other environment other than the one 
used in the specific experiment cannot occur. Many test environments and procedures 
are commonly used without a clear understanding of animal species’ normal behavior in a 
specific environment or how the particular environment might affect their behavior 
(Wailblinger et al., 2006). Therefore, the objectives of this review are to 1) provide 
terminology definitions that will be used throughout this thesis 2) establish the roles 
consumers and customers have in the push for farm-based animal welfare standards 3) 
illustrate ways that farm animal welfare is assured 4) explain how the five freedoms and 
schools of thought provide the framework within animal welfare assurance programs 5) 
describe the neurophysiologic basis of fear and motivation 6) provide examples of animal-
human interaction tests that demonstrate significant differences in animal fear/approach 
behavior and 7) introduce willingness to approach research and possible influential 
factors that affect test outcomes. 
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Terminologies 
 This section will provide terminology definitions that will be used throughout this 
review. Merriam-Webster’s Dictionary provides definitions of the words novel, unfamiliar, 
motivation, fear, reward, and suffering that will frequently be used in this thesis and will be 
referred to in these exact contexts. 
Novel: new and not resembling anything something formerly known or used. 
Unfamiliar: “not well-known.” A distinction between novelty and unfamiliarity when 
referring to behavior research is something novel can be unfamiliar but something 
unfamiliar cannot be novel. An event can only be novel as it is first being experienced but 
occurs thereafter on an infrequent basis it is unfamiliar (i.e. vaccination). 
Motivation: “the condition of being motivated; where a motive is something (a need or 
desire) that causes a person to act and implies the emotion or desire operating on the will 
and causing it to act.” 
Fear: “to be afraid or apprehensive; to frighten; where frighten is to drive or force by 
frightening.” 
Reward: “a stimulus administered to an organism following a correct or desired response 
that increases the probability of occurrence of the response, where something is 
rewarding if it yields a reward.” 
Suffering: “to submit or be forced to endure; to endure death, pain or distress.” 
In addition, definitions of an assessment, quality assurance and third party audit are also 
required: 
Assessment/Certification Program: a second party visit by an individual who may be 
connected to the farm (i.e. veterinarian) where assessment of how animals are managed 
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in terms of welfare (i.e. handling and housing) occurs and is not a regulation or law. 
Assessment or assurance programs play the role of the push towards public reassurance 
of animal welfare in society. 
Quality Assurance: consists of “all the planned systematic activities implemented within 
the quality system, and demonstrated as needed, to provide accurate confidence that an 
entity (item) will fulfill requirements for quality” (ASQ Quality Audit Division, 2000).  
Third party audit: is performed by an audit organization independent of the consumer-
supplier relationship and is free of any conflict of interest. Independence of the audit 
organization is a key component of a third-party audit. These may result in certification, 
registration, recognition, and award, license approval, a citation, a fine, or penalty issued 
by the party to provide assurances of safety to the public (ASQ Quality Audit Division, 
2000). 
 
Customers and Consumers: Farm Animal Welfare Concerns 
Customers  
 In 1997, McDonald’s was found “culpably responsible” for cruelty to animals in the 
British High Court. In 1998, Dr. T. Grandin met with the People for the Ethical Treatment 
of Animals and McDonalds. From these discussions, McDonald’s formed their own 
Animal Well-being Committee to develop protocols/third party auditing that could be 
implemented to assure farm animal welfare when purchasing animal proteins and 
products to be used within their restaurant chain. Following these events, Burger King 
formulated their Animal Welfare Committee and published farm animal welfare guidelines 
in 2001 as well as other restaurant chains and grocery stores (Applebee’s, 2001, and 
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Kentucky Fried Chicken, 2008; Johnson, 2008). The evolution of McDonald’s farm animal 
welfare policy/program can be followed in the 2009 Values in Practice Report video. The 
company has also implemented on-farm third party auditing which is when a third party 
entity evaluates suppliers. In regards to on-farm pig welfare issues, McDonald’s stated 
“we continue to find evidence that supports our long-standing position to support suppliers 
who are phasing out sow gestation crates in our supply chain. For example, we are 
pleased that two of our largest pork suppliers continue to make progress in this area.” The 
two suppliers are Cargill and Smithfield with Cargill announcing in the spring of 2009 that 
more than 50% of its contracted pig farms are in new-generation systems that do not use 
gestation stalls and pigs are purchased from farms involved in the Pork Quality 
Assurance Plus™ (PQA+™) certification/assessment program. Smithfield announced in 
2007 that continuing for the next 10 yr their pig production subsidiary Murphy-Brown will 
move to group housing for their sow gestation housing system (Johnson, 2008). At the 
end of 2011, 31% of their sows have converted to group housing (Murphy-Brown, LLC, 
2012). 
Consumers 
Gallup has surveyed U.S. citizens regarding their preferences in areas such as 
management, psychology, sociology, and economics for over 75 yr. In 2003, Gallup 
conducted a poll that surveyed 1,005 American men and women ages 18+ yrs, and asked 
questions focused on (1) passing strict laws concerning the treatment of farm animals (2) 
banning all product testing on laboratory animals (3) banning all medical research on 
laboratory animals and (4) banning of all types of hunting. Conclusions drawn from this 
survey noted that the U.S. society was becoming “more concerned” about farm animal 
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treatment. Of the four proposals made by animal rights activists, Americans only 
supported one; passing strict laws concerning the treatment of animals (62% to 35%) 
when compared the other three; rejection of banning all medical research on laboratory 
animals (by 64% to 35%), opposition to banning all product testing on laboratory animals 
(61% to 38%), and opposition to banning all hunting types (76% to 22%). Respondents 
also noted specific concern in regards to fear and pain levels to which an individual 
animal is exposed. When asked which of the following statements came closest to their 
view about the treatment of animals; 62% noted “total support in regards passing strict 
laws concerning the treatment of animals”, with 35% in opposition, and 3% having “no 
opinion.” Moreover, when respondents were asked their view about the treatment of 
animals 25% agreed that animals “deserve the exact same rights as people to be free 
from harm and exploitation”, 71% agreed animal “deserved some protection from harm 
and exploitation but are still appropriate to for the benefit of humans”, 3% agreed animals 
“don’t need much protection”, and 1% had “no opinion.” 
 
Ways to Assure On-Farm Animal Welfare 
Food animal production government regulations have become part of life for 
European Union livestock and poultry producers. The transition was not without 
controversy and economic cost. The freedom that producers once had to produce 
animals as they saw fit gradually vanished by public command. In contrast, U.S. livestock 
and poultry producers have been relatively free of mandatory animal welfare standards 
that address the way food animals can be housed until recently (Swanson, 2008). 
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Law and legislation 
The first legislation involving food animal welfare was the Humane Methods of 
Slaughter Act (1958) which set forth to “to establish the use of humane methods of 
slaughter of livestock as a policy of the United States, and for other purposes.” The Act 
covers animal ante-mortem handling and the slaughter process itself. It requires animals 
be made insensible to pain by “a single blow or gunshot or an electrical, chemical or other 
means that is rapid and effective” prior to being shackled, hoisted or cut. The humane 
slaughter act requires that cattle, calves, horses, mules, sheep, swine, and other livestock 
be stunned before slaughter. The nation’s humane slaughter laws currently do not cover 
poultry. The second federal regulation, called “The 28-hour Law”, originally passed in 
1873 (49 U.S.C. 80502, last amended in 1994; 2005 to include road), notes that many 
animal transport vehicle types “may not confine animals in a vehicle or vessel for more 
than 28 consecutive hours without unloading the animals for feeding, water, and rest.” In 
the past decade however, there has been a monumental shift in the states supporting 
passing on-farm animal welfare laws. For example, Florida (2003), Arizona (2006), 
Oregon (2007), California (2008), Colorado (2008), Ohio (2010), Maine (2011), and 
Michigan (2019) have several years to phase out gestation stalls so that pigs can stand 
up, lie down, and turn around in their housing system for at least a portion of the day 
(Table 3.1; personal communication with Dr. Anna Johnson). 
Legislation is one approach that can be used to assure farm animal welfare. Other 
possible methodologies include (1) education (2) assessment/certification programs and 
(3) independent third party audits. These programs focus to ensure transparency, 
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creditability, and accountability for the methodologies utilized in managing food producing 
animals (Johnson, 2008). 
Assessment programs 
Animal welfare assessment programs provide customers and consumers with 
assurance that the food products they purchase and consume are derived from 
production systems where the animals are monitored and evaluated according to an 
organization’s published standards. These programs touch on all aspects of welfare 
including record keeping, animal health, nutrition, caretaker training, body condition 
scoring, euthanasia, handling and movement, facilities, emergency support, and most 
important in relation to this thesis, animal observation. PQA+ (NPB, 2003) is an example 
of an assessment program directed towards the swine industry. 
Third party auditing 
Third party auditing programs provide an additional verification to the customer and 
consumer that products for human consumption are cared for following program 
specifications (Johnson, 2008). In the U.S., Canada, Australia, and New Zealand, 
approximately 90% of large beef and pork slaughter plants are audited by major 
customers (Grandin, 2007). Slaughter plant welfare is an important step needed to 
eliminate carcass/meat quality defects at the plant, but what about animals that arrive with 
existing defects? The trade-off between scientific precision and practical relevance is the 
root of much debate concerning on-farm welfare assessment, value, and content. 
“Systematic observational abnormal behavior measurements are unlikely to be practical 
due to time requirements, but provoked response measures at staged intervention that 
are currently undergoing development could be carried out within a limited visit time” 
23 
 
(Edwards, 2007). For example, animal-human interaction measures before and after a 
vaccination injection procedure could potentially be utilized in this manner. 
 
Schools of Welfare, Five Freedoms 
Educational material, assessment guidelines, third party auditing check points, 
and/or legislation content that have an ultimate goal to assure on-farm animal welfare 
may be influenced by beliefs, experiences, and perspectives of person(s) creating the 
program(s). Animal welfare scientists often subscribe to one of three different welfare 
schools (Fraser et al., 1997). “The first school is feeling-based which places importance 
on what animals feel in terms of pleasure, suffering, distress, and pain. The second is a 
functioning-based school which focuses on animal fitness and health. The third is a 
nature-based school that values natural behaviors of animals under natural conditions” 
(Johnson, 2009). Many researchers in the ethological field value one school more than 
others, such as Broom (2009) holding that most important school is feelings or emotions 
that are products of internal coping mechanisms in restrictive environments to maximize 
fitness. 
The five freedoms, initially proposed by the Brambell Committee in 1965, consist 
of: 1) freedom from hunger and thirst 2) freedom from discomfort 3) freedom from pain, 
injury, or disease 4) freedom to express normal behavior and 5) freedom from fear and 
distress. These freedoms have become the cornerstone from which past, current, and 
future legislation and assessment programs have been and will continue to be developed. 
Animal scientists and veterinarians often feel most comfortable in the physical-based 
school due to their training and skill sets. Performance measures such as morbidity, 
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mortality, weight gain, feed conversion efficiency, and reproductive performance (Moore 
et al., 1994; Hemsworth et al., 1989, 2009) can be grouped into productivity, health, and 
general overall welfare categories. 
Different people (including scientists, veterinarians, producers, customers, and 
consumers) define welfare in different ways because our quality of life notions are shaped 
by cultural and personal values (Widowski, 2009). This is why no agreed-upon and 
therefore clear animal welfare definition can be settled on that can be objectively 
measured and interpreted in a meaningful way. Researchers agree that a multi-
disciplinary approach including performance, physiology, anatomy, and behavior 
measures provides a holistic approach to determine how an individual or group of animals 
are coping with their given circumstances (Grandin, 1997). Using behavior as a measure 
for determining farm animal welfare in the U.S. has been incorporated more recently in 
combination with more traditional health (i.e. diseases and body condition scoring) and 
performance (i.e. average daily gain and carcass characteristics) measures. These 
behavioral methodologies used and the associated interpretations have been criticized 
(Paul et al., 2005). Therefore, farm animal behavioral measures will only be accepted by 
producers, packers, and customers when the methodologies used are sound, objective, 
repeatable, fast, and standardized by the scientific process. 
Standards to assure swine welfare in the United States (U.S.) 
The first swine welfare assessment program was released to U.S. pork producers 
in 2003 by the National Pork Board (NPB). This assessment program was called the 
Swine Well-being Assurance Program™ (SWAP™). The objective of this program was “to 
maintain and promote the pork industry tradition of responsible animal care through the 
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application of scientifically sound animal care practices.” This was achieved using a two-
fold approach; 1) education that addressed the elements to assure on-farm swine welfare 
(managing records, facilities, and animals) and 2) a farm-based animal assessment 
program. Within SWAP under Care and Well-Being Principle 3, the Animal Observation 
section had several components including herd health and nutrition, body condition score, 
euthanasia, handling and movement, and animal observation. Section 3.3 titled “Swine 
Behavior” included the following: 
“Swine behavior will reflect the quality of care received and suitability of the facilities. 
Swine that are repeatedly exposed to unpleasant handling and abuse will show evidence 
of fear in the presence of humans. Pigs that are relaxed around people will generally be 
easier to move and have better meat quality. Watching how your animals react to you or 
someone else can give an important indication of how they are being handled. Pigs are 
naturally inquisitive. However, they are also cautious. Normally, a pig may initially act 
fearful or excitable as a protective mechanism but then relax and maybe even explore 
your presence by nosing you or biting at your legs or feet. Pick a time when the pigs are 
usually quiet – an hour or so after feeding. While standing outside the stall / pen or while 
kneeling down in the middle of the pen, reach out and try to touch a pig on the snout. If 
the pig is fearful and tries to avoid you, count how many seconds it takes for the pig to 
either come back to you or to obviously relax even though it might not return. At least 
50% of the pigs should return to your hand, make some approach back to you, or show a 
relaxed posture within 15 seconds. Of course, this measurement is also affected by 
recent vaccinations, blood collection for herd or individual sera profiling, etc.” (NPB, 
2003). 
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In 2007 the NPB’s Animal Welfare Committee combined the Pork Quality Level III 
and SWAP into a new program; the Pork Quality Assurance Plus (PQA Plus™). 
Assessors surveyed SWAP before the new PQA Plus program was released and noted 
concerns with the behavioral methodology related to swine fear evaluations in regards to 
its objectivity, repeatability, and validity (Dr. Anna Johnson, personal communication). 
Therefore, between SWAP (2003) and PQA Plus (2007) the swine behavior section was 
altered from being a requirement for the farm-based assessment to a bench-marking 
evaluation. It has been outlined by Moberg in 1987 that animal behavioral stress 
measurements have been hampered by four major problems: 
1) Determining the best (most accurate) stress measure 
2) The lack of nonspecific response that characterizes all stressors 
3) Inter-animal biological response variability to a stressor and 
4) Failure to establish which biological responses to behavioral stressors have a 
meaningful impact on an animal’s welfare. 
Therefore, the U.S. swine industry has struggled to identify animal welfare measures 
that are repeatable as well as collected fast and to develop an accurate behavioral tool 
that could be used objectively to quantify a pig’s ability to cope within its production 
system. However, the need to include an assessment behavioral component has not 
been abated due to customer requests (Johnson 2008, 2009; Moberg, 1987; Paul et al., 
2005; Wemelsfelder et al., 2000). 
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Fear, the Brain and Animal Motivation 
Animal behavior is driven by both internal (physiologic) and external 
(environmental) cues in a given situation. The body responds to internal cues and if 
external displays of behavior do not satisfy these internal cue(s), the body must 
compensate to maintain homeostasis. Unpleasant feelings in humans are experienced 
mentally and can be classified into physical (i.e. pain and thirst) and emotional (i.e. fear 
and anxiety) origin categories. This experience in humans and animals serves to not only 
focus attention on threats, but motivates responses that are beneficial to welfare and 
survival (McMillan, 2003). 
Fear 
Fear is a negative emotional state that can induce suffering in livestock and poultry 
(Barnett et al., 1992; Hemsworth et al., 1993; Rushen et al., 1999). Unfamiliar stimuli such 
as husbandry practices (i.e. vaccinations, artificial insemination, or processing) and close 
proximity to humans while being handled or checked for health may elicit these fear-
related responses (Hemsworth et al., 1987, 1989, 2009). Situations creating the potential 
for fear include interactions with handlers, social disruptions, novel/unfamiliar experiences 
as well as equipment and transport conditions (Grandin, 1998, 2001). Increased farm 
animal fear can result in reduced growth and reproductive output (Gonyou et al., 1986; 
Hemsworth and Barnett, 1992). In addition, fearful animals are more difficult to handle 
and can be dangerous to caretakers (Grandin, 1998, 2001; Rushen et al., 1999), due to 
increased balking or failure to move (Hemsworth et al., 1987, 1993; Moore et al., 1994; 
Samarakone et al., 2009). 
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Anatomy and Physiological Brain Responses 
When an animal perceives its environment to be threatening, the central nervous 
system responds. Whether or not the stimulus is a real threat is not important; it is only 
the perception of a threat that is critical (Moberg and Mench, 2000). Upon exposure to 
stimuli that are threatening, unfamiliar, or painful, there are three interrelated biological 
response types including behavioral, autonomic, and neuroendocrine (Hemsworth et al., 
1993). The initial “fight”, flight”, or “freeze” response is mediated by the sympathetic 
branch of the autonomic nervous system (ANS; Figure 3.1). 
The hypothalamus of the brain perceives the external stressor as a threat and 
ignites the ANS as well as the anterior pituitary gland (Gray, 1987). The sympathetic 
pathway induces catecholamine (epinephrine) release from the medulla of the adrenal 
gland. With activation from the hormones corticotrophin-releasing hormone (CRH) and to 
a lesser extent vasopressin (VP), the anterior pituitary activates the adrenal cortex via 
adrenocorticotropic hormone (ACTH) to release glucocorticoids (cortisol) from the adrenal 
gland cortex (Gray, 1987). Catecholamines and glucocorticoids act within the body on 
tissues and organs to maintain homeostasis (Gray, 1987). The short-term or acute stress 
response has a major function to provide glucose from non-carbohydrate sources 
(Hemsworth et al., 1993). If behavioral responses do not reduce stress, autonomic or 
neuroendocrine systems within the body take over to alter resource allocation. Humans 
can easily fill the role as one of these stressors. 
Motivation  
Knowledge of basic motivational neurophysiology was pioneered by Olds (1965). 
Olds’ studies used animals (usually rats) with electrodes implanted deep in the brain. The 
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rats were allowed to press a bar which either caused a small electrical current to flow into 
their own brains or turned off the current (Olds, 1965). Some electrode placements 
resulted in the rat pressing a bar to stimulate its own brain for hours on end. Conversely, 
other electrode placements resulted in the rat being equally eager to terminate or prevent 
the electrical stimulation. This is a classical demonstration of ‘rewarding reinforcement’ 
and ‘punishing reinforcement’ brain areas that fearful events trigger (Gray, 1987). 
Approach behavior can be considered to be in response to an attractive stimulus and 
avoidance behavior can be considered to be in response an aversive stimulus (Gray, 
1987). 
Henke (1977) reported that rats with amygdalar lesions tested in a double runway 
(1 Startbox and 2 Goalboxes separated with runways in between; with Goalbox 1 having 
a partial reinforcement (usually 50% of the time) and Goalbox 2 having a continuous 
reinforcement) showed no sign of the normal frustration effect (i.e. running faster in the 
second alley after non-reward, relative to reward in the first goal box). However, the same 
animals showed a normal partial reinforcement extinction effect, which is controlled by 
secondary frustrative stimuli (the increased aversion or decreased approachability of the 
rat as measured by speed). This shows that the amygdala mediates responses both to 
unconditioned pain and frustration, but not responses to conditioned stimuli associated 
with these primary aversive events (Gray, 1987). 
Concerns arising from observing animals’ behavioral responses indicative of fear 
include measure validity and repeatability, effects of other motivations in a setting difficult 
to control (i.e. curiosity or hunger), context effects (testing setting, human 
posture/stimulus properties), test person identity (i.e. stimulus generalization versus 
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stimulus discrimination), pre-testing effects, and the artificial nature of the test (i.e. novelty 
of the testing setting; Hemsworth et al., 2009). 
 
Animal-Human Interaction Tests 
Behavioral scientists have created numerous methods to assess animal 
preferences, motivation, and fear including the Open Field Test, Tonic Immobility Test, 
Animal-Human Interaction or Approach test, Elevated Plus Maze Test, and Emergence 
Test. However, response measures are quite variable when tests are conducted resulting 
in their validity and reliability to be questioned (Pedersen et al., 1997; Marchant et al., 
1997; Miller et al., 2005, 2006). Moreover, most of these tests were developed for use in 
laboratory rodents and have not been standardized in production animals. This raises 
questions as to whether results from these test types should be used when evaluating 
different housing and management system effects or when conducting animal welfare 
assessment and/or audits. This creates confusion for producers that need accurate, 
conclusive information to improve their management systems. In the interest of brevity 
and relevance to this review on animal fear and approach behavior in response to a 
human observer, only the Open Field and Animal-Human Interaction or Approach tests 
will be discussed. 
On-farm welfare can be measured using one of two methods. These measures can 
be taken in either indirect or direct manners. Indirect welfare measures include body 
condition scoring (BCS; NCBA, 2010; NMPF, 2010; NPB, 2007), hygiene scoring (NMPF, 
2010), production measures such as feed/gain ratio, body weight gain, and space 
allowance (AMI, 2010; NCC, 2010; NMPF, 2010; NPB, 2007; NTF, 2004). Direct welfare 
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measures include observable actions such as slips and falls (AMI, 2010; NCBA, 2010; 
NPB 2007), broken and dislocated wings, broken legs (NCC, 2010), gait/lameness 
scores, (NCC, 2010; NMPF, 2010; NPB, 2007) hoof and hock lesions (NMPF, 2010; NPB, 
2007), and vocalizations (AMI, 2010; NCBA, 2010). Fear and approach behavior are 
direct welfare measures but to date these traits have not been validated as accurate.  
Open Field Test 
Open-field tests have been widely used to assess fearfulness or anxiety in many 
species, having originally been developed for use in rodents (Archer, 1973). Farm animal 
species that have been tested using open field tests include chickens (Jones, 1989), 
sheep (Lachaux et al., 1983), cattle (Kilgour, 1975; Boivin et al., 1992), horses (Mal et al., 
1991), and pigs (Mormede et al., 1984), with the general interpretation that the degree of 
fearfulness is negatively related to amount of locomotor behavior observed. This concept 
appears to involve over-simplifying the methods developed and validated in rodents, such 
as the importance of repeating the test over multiple days to separate the effects of 
fearfulness, exploration, and habituation effects on locomotor behavior (Archer 1973; 
Walsh and Cummins, 1976).  
Human, Novel and Unfamiliar Approach Tests 
Animals’ approach and investigation to a novel object/human has also been used 
to quantify fearfulness in pigs (Lawrence et al., 1991), sheep (Romeyer and Bouissou, 
1992), deer (Pollard et al., 1994), and chickens (Rose et al., 1985). Again, the inference is 
animals that shy away from or are slow to approach the novel object or human are 
exhibiting greater fearfulness than animals that readily approach. However, the results 
obtained in the approach tests are very context- and species-specific. For instance, some 
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animals’ species-specific behavior will lead the test animal to freeze in fearful situations, 
while other species’ behavior leads the test animal to try to escape. Furthermore, many 
other factors can affect how an animal behaves in an open-field test, including previous 
experience, co-specific or human proximity, various objects in the visual field, and 
individual temperament, among others. Many methods used appear to have arisen from 
unspecified sources with little or no apparent validation as to whether tests developed for 
use with one animal species are relevant for use with other animal species that have very 
different motivational systems (Gray, 1987). Tests are recurrently carried out in unfamiliar 
surroundings over relatively short timeframes and involve animal exposure to contrived 
situations or to non-natural stimuli that often have no biological significance for the 
animal. Thus, these tests can lack repeatability, accuracy, and reliability; characteristics 
required for scientific validity. Much of the apparent test reliability in relation to obtaining 
consistent scores from the same animal may merely reflect the fact that animals are 
housed and tested in consistent environments, rather than the test measuring any 
meaningful or consistent trait of the animal itself (Miller et al., 2005, 2006). 
Sheep 
Fell and Shutt (1989) used 6-7 mo old Merino wethers to measure the animal-
human interactions between two groups of 10 sheep that were mulesed and 10 that were 
not. Mulesing is an operation that involves the surgical removal of wool and skin from the 
lamb’s breech to protect against blowfly strike and was performed by a male handler . 
From d 1 to 37, the mulesed group had a greater (P < 0.05) mean distance (difference of 
3.9 m) and minimum distance (difference of 4.7 m) from the regular female handler. 
Control animals turned and moved towards the handler while mulesed animals turned 
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away and moved in the opposite direction in 95% of all tests up to d 37. This is indicative 
of an animal’s learned fear of humans due to aversive handling procedures. The authors 
concluded that museling of weathers by contractors (rather than handlers) and minimal 
post-operative handling will reduce stress from museling. 
Poultry 
Poultry fear test research primarily uses Tonic Immobility and Novel Arena tests 
while the Novel Object and Human Approach tests are used much less frequently 
(Forkman et al., 2007). Barnett et al. (1992) reported the relationship between laying hen 
behavioral responses to humans and productivity using 16 sheds (7 fully enclosed and 9 
partially enclosed; 6 with a single tier and 10 with 2 or more tiers) from 14 commercial 
layer farms. The proportion of birds that moved out of an area in response to an 
approaching human in a chute test and the number of times birds in cages adopted erect 
posture were measured. Fear of humans, defined by an approaching human test, 
accounted for between 23 and 63% of the variation in peak hen day egg production as 
well as the duration of a high level day egg production per hen, respectively. The authors 
found that when time/day spent in the shed by the stockpeople was added to the two 
previously described variables, peak hen day production variation increased from 53 to 61 
percent. The number of times erect in the approaching human test were associated (via 
the chute test and approaching human test; P < 0.01) with peak hen day egg production. 
Cransberg et al. (2000) examined the relationship between stockperson attitude 
and behavior with broiler bird behavior and productivity. A total of 24 (ranging between 
25,000 and 95,000 hd capacities) commercial broiler farms in Australia with the same bird 
genetics were used. When the stockperson’s movement speed was high (walking 20 
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steps at 1 second step intervals along the shed length), birds showed more (P < 0.05) 
avoidance of the experimenter. The authors concluded this was evidence of a sequential 
relationship between stockperson behavior, bird fear levels, and productivity in the broiler 
industry. 
Dairy 
In a two-year replicate study (one replicate per year) Breuer et al. (2000) used 31 
(15 during year one; 16 during year two) commercial dairy farms housing 100 to 200 hd of 
Holstein-Friesian cows. The authors examined stockperson attitude and behavior (at 
milking; negative behaviors such as hits and tail twists, loud vocalizations, pushes or 
positive behavior such as pats, strokes, or hands resting on the back, legs or flanks of the 
animal) towards cows and the cow behavioral response (flinch and step, flinch and step 
and kick) to humans and the animal-human interaction effect on milk production. The 
average time a cow spent within 3 meters of the experimenter was positively correlated (P 
<0.01) with milk yield and milk fat. The authors concluded that stockperson behavior and 
attitude influenced fear behavior in dairy animals and altered subsequent milk yield levels. 
Herskin et al. (2004) used 16 Danish Friesian first lactation postpartum dairy cows 
and evaluated differences in behavioral responses (body posture, eat food/touch object, 
sniff stimulus, head away, maximum distance, self grooming, and interaction with 
neighbor) toward novel stimuli presented in the home environment with minimal 
situational novelty. Four stimuli were presented: unusual food (30 min with 8 kg total 
mixed ration), novel food (30 min with 5 kg carrots), novel object (30 min with a white 
plastic container), and unfamiliar person (5 min with a female dressed in white, hooded 
overalls). Using continuous recording and scanning, it was observed that dairy cows 
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spent more (P < 0.01) time initially sniffing an unfamiliar person (1.8 s ± 0.4 s) than a 
novel object (0.6 s ± 0.2 s). The authors concluded that dairy cows show increased 
behavioral responses characterized by increased exploration (sniffing), as well as 
behavioral conflict when exposed to novel food or an unfamiliar person compared with a 
novel object. 
Swine 
Hemsworth et al. (1986a) used 48, 8 to12 wk old piglets (genetics undefined) from 
12 litters and compared the nature of several possible signals which humans may release 
when interacting with pigs. When compared to an erect posture, experimenters in a 
squatted position recorded a decrease (P < 0.01) in time for pigs to enter within a 0.5 m 
radius surrounding the observer as well as a decrease (P < 0.001) in the same 
parameters when experimenters did not approach the pig compared to when the observer 
was approaching the pig. The authors concluded that the stockperson can utilize positive 
signals and avoid negative signals to strengthen the pig-human interaction. This provides 
an example of stockperson behavior adjustment (posture) so human-animal interactions 
are perceived by the animal as less threatening/invasive. 
Tanida et al. (1995) used 12 cross-bred, 4 wk old weanling pigs, with 6 allocated to 
a handling treatment and 6 allocated to a no handling treatment to examine how handling 
individual animals affected their responses to humans and whether they discriminated 
among humans based on previous experience. Handling treatments occurred for 10 
min/d, 5 d/wk for 3 wk in a square (4.0 m2) arena. No handling treatments only included 
routine husbandry. When distance from the handler to the pig at each step was 
examined, pigs in the no handling treatment remained further (P <0.01) away as the 
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handler walked by (walking human test) when compared to pigs that were handled. Pigs 
in the handling treatment were quicker (P <0.01) to touch experimenters in a catching test 
than those in the no handling treatment, regardless whether the experimenter was the 
original handler or stranger. However, pigs in the handling treatment interacted with the 
handler sooner (P <0.01) than the stranger. The authors concluded that pigs can 
generalize experiences with humans but if the human is novel, more time is needed to 
investigate. 
Hemsworth et al. (1996) used 48, 10 wk old Large White-Landrace-Duroc 
crossbred gilts (n=24) and boars (n= 24). The objective of this study was to determine 
whether regular exposure to either humans, unfamiliar or novel objects (“objects not 
defined in the paper” which were attached to a rope or chain) resulted in stimulus-specific 
or generalized behavioral responses (approach/avoidance). Pigs were either presented 
with a novel object (Novel Object Treatment), a human (Human Treatment), or no stimuli 
(Minimal Treatment) in an arena setting for 4 wk. Pigs allocated to the Human Treatment 
were quicker (P < 0.01) to interact with a human and quicker (P < 0.01) to approach 
within 0.5 m of the human than those in the Novel Object Treatment. The authors 
concluded this supports the proposal that farm animal behavioral responses to a familiar 
human, which develop through experience with a human, extend to unfamiliar humans. 
 
Willingness to Approach 
Many studies focusing on the human-animal relationship have used the animal-
human interactions to measure reactivity of animals to specific treatments as illustrated by 
the previous section. Fangman et al. (2010) coined the term “willingness to approach” or 
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WTA as a more positive alternative describing approach behavior rather than negative 
terms such as fear and avoidance (Boehringer Ingelheim, 2007). This process resulted in 
a publication by Fangman et al. (2010) whom demonstrated that the WTA methodology is 
a tool that serves as a sensitive parameter for practically assessing vaccine reactivity in 
nursery pigs. “Willingness to approach” (WTA) refers to the observed pig interaction (pig 
to human contact) and number of pigs facing or interacting with the observer after 15-s of 
entering the pen (Fangman et al. 2010). The 15-s period has been defined and accepted 
as a standard by previous work (Hemsworth et al., 1986a, 1993, 1996; Miura et al., 1996). 
Previous Willingness to Approach Research 
Grandin et al. (1999) wanted to determine if there was a difference in the 
behavioral reaction of 61 Red Angus-cross two-year old heifers when doramectin 1% 
injectable solution, ivermectin 1% injectable solution, or saline was injected and if 
possible differences in aversiveness could be measured using behavior. The authors 
found that the heifers injected with doramectin 1% exhibited less (P < 0.004) discomfort 
(identified by a three level scoring system of no reaction, slight movement, or shaking the 
chute) during injection than those injected with ivermectin 1%. Additionally, cattle injected 
with doramectin 1% were more willing to re-enter the squeeze chute than those injected 
with saline (P < 0.004). The authors concluded that this study provided evidence of 
behavioral discomfort differences among injections in cattle. Due to inter-observer 
variability, this study provides an ideal example of how validity using digital technologies 
is needed to eliminate deviations in human variation when collecting observational data. 
A series of three studies by Fangman et al. (2010) used crossbred 17 to 23 d old 
weanling pigs. Willingness to approach behavior was recorded on d 1 (baseline, pre-
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injection) and d 0 (post-injection) for each pen. Study I compared 1 ml injection 
treatments of MycoFLEX (Boehringer Ingelheim Vetmedica, Inc., St. Joseph, Missouri) 
and RespiSure-One (Pfizer Animal Health, New York, New York) and the decrease in % 
WTA. Pigs injected with RespiSure-One had a greater (P = 0.0001) % WTA decrease 
than pigs injected with MycoFLEX. Additionally, MycoFLEX injected pigs reduced their % 
WTA (from baseline) by 11.2% whereas RespiSure-One pigs reduced their % WTA (from 
baseline) by 26.8%. Study II compared three 1 ml injection treatments: MycoFLEX, 
RespiSure-One, and saline. RespiSure-One treated pigs % WTA decrease was greater 
(P < 0.0001) when compared to MycoFLEX treated pigs. Study III compared a 1 ml saline 
injection and a control (no injection) and showed no difference in pre- and post-injection 
% WTA decrease. However non-treated pigs within treatment differed (P = 0.02) from 
pre- to post-injection. Fangman et al. (2010) concluded that the WTA method served as a 
useful tool to gauge vaccine reactivity in the nursery pig to different vaccines as well as 
the aversion to the experience of being vaccinated (as indicated in Study III). For this 
method to become objective, repeatable, meaningful, and workable, further validation is 
needed. 
 
Factors that may Influence Willingness to Approach  
Vision and Touch 
In an in-depth review of pig senses, Curtis et al. (2001) reported that skin and 
subcutaneous tissues detect touch through afferent nerve fiber endings and are 
particularly sensitive in the snout, which is used by the pig to explore its environment. 
Much of the pig’s somatosensory cortex is devoted to receiving information from the 
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snout. The best (binocular) vision field for pigs is 12 degrees but the placement of the 
eyes on the side of the pig’s head gives them wide peripheral vision of about 310 degrees 
creating a panoramic view of their surroundings. Pigs do not generally show a strong light 
preference. 
Age 
Previous behavioral studies have focused on the ‘sensitive period’ of development 
to which human and novel stimuli are most crucial to the animal’s behavioral development 
towards humans in adulthood. Hemsworth et al. (1992) handled groups of piglets ages 0 
to 3 wk, 3 to 6 wk, 6 to 9 wk, and 9 to 12 wk in a 2 min period daily for 3 wk by squatting 
and attempting to pet them (control group = no handling). Pigs observed were quicker (P 
< 0.05) to enter within 0.5 m of the observer and quicker (P < 0.01) to physically interact 
with the observer. The authors concluded that positive handling early in life appears to 
result in reductions in the pigs’ level of fear of human later in the pig’s life; however this 
may be weakened or overridden by subsequent human contact. 
Sex 
 Hemsworth et al. (1986b) studied three handling treatments on the behavior, 
reproduction, and free corticosteroid concentrations using 15 male and 30 female, 11 wk 
old pigs. At 18 wk, pigs were given either a pleasant (pig was gently stroked by 
experimenter upon approach), unpleasant (pig was shocked for 1 s with a prodder by 
experimenter upon approach), or minimal (no human contact except upon routine 
husbandry practices) treatments. At 23 wk of age boars in the unpleasant treatment had 
smaller (P < 0.05) testicles than boars in the pleasant treatment. Regardless of sex, pigs 
in the unpleasant treatment had higher (P < 0.05) free corticosteroid concentrations in the 
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absence of humans than pigs in the pleasant treatment. The authors concluded that the 
unpleasant handling resulted in decreased welfare in the areas of the stress response 
and adverse reproductive effects. 
Size 
Moore et al. (1994) studied variance levels of aggression, injuries, activity, 
performance, and immune responses from 228, 10 wk old crossbred feeder pigs grouped 
in similar weight categories (‘static groups’) compared with pigs grouped in varying weight 
categories (‘dynamic’ groups of SM, MED, LG, and XL). Morbidity rate was higher (P < 
0.05) in dynamic groups (13.5%) compared with static groups (6.3%). Of all fights (began 
with open mouthed contact and concluded when pigs lost contact with each other for at 
least 5-s) that occurred, 90% were initiated by the larger pig and only 2.4% were initiated 
by the smaller pig (P <0.001). This was due to a more stressful environment in the 
dynamic group forcing small pigs to be at the bottom of the social hierarchy and more 
susceptible to stressors and resultant sickness imposed by social systems. Eight hours 
after regrouping, both static and dynamic groups had greater cortisol concentrations (P < 
0.05). The authors concluded that aggression following regrouping can be decreased by 
using dynamic grouping; however the practice reduces overall pig welfare and should be 
avoided. 
Group Size 
Samarakone et al. (2009) reported that immediately upon being introduced, 
pecking orders begin to be established between animal co-specifics. Mixing in turn may 
disrupt an original social hierarchy and/or force new hierarchies to be established. 
Samarakone’s experiment used 11 wk old pigs in four pens with 18 pigs and two pens. 
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Aggression was measured at three time points; 1, 6, and 12 wk. Four combinations of two 
pigs taken from a small group (SG) or large group (LG) and placed into another SG or LG 
which were (SG to SG [SS]) (SG to LG [SL]) (LG to SG [LS]) and (LG to LG [LL]) were 
compared. Pigs in the LL group exhibited the lowest (P =0.009) time spent in aggressive 
behaviors compared with SS, SL, or LS groups with times of 1.6% versus 2.5, 2.3, and 
2.5% of the time (in s), respectively. This study confirms the concept that as group size 
gets larger, competition increases and therefore decreases aggression as an 
energetically cost effective social strategy. Therefore the authors concluded that pigs 
become less aggressive and may shift to a low-aggressive social strategy in large social 
groups. 
Handling 
Hemsworth et al. (1987) compared four handling treatments on the growth and free 
corticosteroid concentrations from 32, 7 wk old gilts (Large White X Landrace). Pigs were 
allotted to treatments of unpleasant (when pig approached observer a shock with a 
battery-operated prodder was administered and the observer was in an erect posture), 
pleasant (when pig approached the observer the pig was gently stroked and the observer 
was in a squatted posture), inconsistent (unpleasant and pleasant handling bouts), and 
minimal (no contact with humans apart from regular management practices) handling 
three min, three times/d until they were 13 wk old. Pigs in the unpleasant (2.5 ± 0.19) and 
inconsistent (2.4 ± 0.16) treatments had greater mean (P < 0.001) daytime free 
corticosteroid (ng ml-1) levels when compared to pleasant and minimal treatments. The 
authors concluded that pigs are sensitive to brief and aversive handling infrequent bouts 
and frequent positive handling does not mask infrequent negative handling effects. 
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Summary 
The objectives of this review were to 1) provide terminology definitions that will be 
used throughout this thesis 2) establish the roles consumers and customers have in the 
push for farm-based animal welfare standards 3) illustrate ways that farm animal welfare 
is assured 4) explain how the five freedoms and schools of thought provide the framework 
within animal welfare assurance programs 5) describe the neurophysiologic basis of fear 
and motivation 6) provide examples of animal-human interaction tests that demonstrate 
significant differences in animal fear/approach behavior and 7) introduce willingness to 
approach research and possible influential factors that affect test outcomes. Before 
beginning to study exogenous factors that may affect animal-human interactions of 
nursery aged pigs, the occurring neuroendocrine processes which contribute to the 
elicited behavior, previous findings in cognitive behavioral research, and differences 
within the pig itself must be understood. By understanding how pigs interact with their 
environment and novel or unfamiliar stimuli we may begin to identify stress factors when 
pigs are handled, and attempt to minimize or eliminate them. Though work has been 
reported examining on-farm and internal factors affecting approach behavior in the pig, 
there are discrepancies in the literature that need to be investigated, including 
methodology validation as an accurate tool for any farm-based welfare assessment tool. 
Though a study completed by Fangman et al. (2010) reported WTA differences pre- and 
post-injection for two different vaccines and saline in 5 wk old piglets, the WTA 
methodology needs to be validated using digital photography as an objective, repeatable, 
meaningful, and workable on-farm animal-based welfare assessment tool. 
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Table 3.1. Current livestock animal welfare laws by state in the U.S. 
State Year 
Enacted 
Mode of  
Enactment 
What is Regulated Compliance  
Date 
Penalty for  
Non-compliance 
FL 2002 Ballot 
initiative 
Classic language (except 
7 d prior to farrowing) 
2008 Class 1  
misdemeanor 
AZ 2006 Ballot 
initiative 
Classic language (except 
7 d prior to farrowing) 
12/31/2012 Class 1  
misdemeanor 
OR 2007 Legislative 
Bill 
Confinement longer than 
12 h in 24 h period 
(except 7 d prior to 
farrowing) 
1/1/2012 Class A violation 
CA 2007 Ballot 
initiative 
Classic language (except 
7 d prior to farrowing) 
1/1/2015 Misdemeanor 
CO 2008 Negotiated 
legislation 
Classic language (except 
7 d prior to farrowing) 
1/1/2018 Class 2  
misdemeanor 
ME 2009 Legislative 
Bill 
Classic language (except 
7 d prior to farrowing) 
1/1/2011 Class D crime 
MI 2009 Negotiated 
legislation 
Classic language (except 
7 d prior to farrowing) 
2019 Civil action 
OH 2009 Ballot 
initiative 
Development of a 
Livestock Care Standards 
Board 
2010  
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Figure 3.1. Flow chart of the neuroendocrine autonomic “fight or flight” response of the 
sympathetic nervous system in response to a stressor.  
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Abstract: On-farm welfare assessments have included animal-human interaction tests as 
an animal-based measure. Currently, the U.S. swine industry’s assessment program does 
not use include this test due to reliability concerns. The objective of this study was to build 
a device that would capture pig behaviors and proximity so that live human observation 
and digital image evaluation methods could be compared. A total of 27 pens housing ~10 
pigs/pen, aged 7- , 8-or 9-wk. Two methodology treatments were compared: TRT One; 
live human observation and TRT Two; digital image evaluation. For proximity (cm) from 
the observer’s index finger to each nursery pig, three treatments were compared; TRT 
One; “touch”, TRT Two; “look”, and TRT Three; “not.” Data were analyzed using the 
PROC GLIMMIX procedure of SAS. Data for “not” postures and behaviors will be 
presented descriptively. Data used to evaluate snout and tail base proximity to the 
observer’s index finger were analyzed using the PROC MIXED procedure of SAS. There 
were no (P > 0.05) differences between pigs classified in “touch”, “look”, and “not” 
categories between live human observation and digital image evaluation. There were no 
(P > 0.05) differences between pig sexes when classified as “touch”, “look”, and “not” 
within live human observation or digital image evaluation. More (P = 0.02) 8-wk old pigs 
touched the human than 7 and 9-wk old pigs, respectively, using the live human 
observation method but there were no (P > 0.05) differences between age of pig 
classified in “touch”, “look”, and “not” categories for digital image evaluation. The majority 
of pigs classified as “not” regardless of sex and age were standing, followed by sitting and 
head in feeder. The snout anatomical location for pigs classified as “touch” was closest (P 
< 0.0001) to the observer’s index finger, followed by “look” and “not.” The tail base for 
pigs classified as “touch” were closest (P < 0.0001) to the observer’s index finger than for 
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pig tail bases classified in the “look” and “not” categories. In conclusion when capturing 
nursery pig behavior either methodology (live and digital) produced similar results. 
However, these methods should be applied to larger, commercial pens to see if these 
results hold when pens housing more pigs are utilized. 
 
Keywords: swine, animal-human interaction, behavior, method 
 
1. Introduction 
Restaurants, grocery stores, and consumers are continuing to request information 
on how farm animals have been raised, handled, transported, and processed (Grandin, 
2007; Hemsworth et al., 2009; Johnson, 2008, 2009). Animal commodity groups have 
been addressing species-specific welfare guidelines in the U.S. with varying degrees of 
application and content. To date there is still not a universally accepted on-farm animal-
human interaction test to help assessors and/or auditors determine how farm animals are 
coping in given circumstances. Livestock are prey species with different sensory 
perceptions compared to humans and in-turn may react differently to novel or unfamiliar 
stimuli (Moberg and Mench, 2000). Animal-human interaction test reactions may differ 
with age (Hemsworth et al., 1992) group size (Samarakone and Gonyou, 2009) and 
previous caretaker-pig interactions (Hemsworth et al., 2009). 
Tests have been applied to determine fear in a variety of farm species, for example 
the open field (Mormède et al., 1984), human approach, and novel approach tests 
(Grandin, 2007; Hemsworth et al., 1996; Rushen et al., 1999). Fangman et al. (2010) 
coined the term “willingness to approach” or WTA (defined as pig to human contact and 
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pigs facing the observer in a semi-circle) as a positive alternative to fear, that describes 
the pig-human interaction. This study demonstrated that the WTA methodology was a 
sensitive tool that assessed nursery pig reactivity to vaccines. 
For on-farm behavioral tests to be meaningful, it is important to consider the time 
that a test is applied. Forkman et al. (2007) reported that the first, immediate animal 
response to a novel or unfamiliar object is more accurate when evaluating animal-human 
interaction repeatability. However, Fangman and colleagues (2010) questioned the 
accuracy of using a live method to count and classify WTA pigs. Furthermore, the WTA 
term might need to be refined to “touching”, “looking”, or “not” due to “willing” being 
considered an affective state. If a digital method could capture clearly delineated 
behaviors and postures at a given time point, animal classification and precise proximity 
from the human observer later could provide a more accurate result. 
Therefore, the objectives of this study were to (1) build a digital image capturing 
device that could record pig behavior in their home pen (2) compare pigs classified in the 
“touch”, “look”, and “not” categories using two methods; live human observation and 
digital image evaluation (3) compare pig sex and age when classified in the “touch”,” 
look”, and “not” categories within each method (4) determine the behaviors and postures 
of pigs when classified in the” not” category using digital image evaluation and (5) 
quantify the closest pig proximity to the observer in the digital image at the conclusion of 
the human-animal interaction test. 
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2. Methods 
2.1. Animal care and ethics  
Animal care and husbandry protocols for this experiment were overseen by the 
company veterinarian and farm manager. These protocols were based on the U.S. swine 
industry guidelines presented in the swine care handbook (NPB, 2007) and the Pork 
Quality Assurance Plus™ (2010). In addition, all procedures were approved by the 
IACUC committee. 
 
2.2. Treatments and experimental design 
2.2.1. Behavior in a nursery pen  
A total of 27 pens housing ~10 pigs/pen were used. The experimental unit was the 
pen of pigs. When examining pig behaviors in their home pen by methodology, two 
treatments were compared: TRT One; live human observation (n = 27) and TRT Two; 
digital image evaluation (n = 27). When examining pig behaviors in their home pen by sex 
of pig, two treatments were compared: TRT One; barrows (n = 14) and TRT two; gilts (n 
= 13). When examining pigs behaviors in their home pen by age of pig, three treatments 
were compared: TRT One; 7-wk (n = 6), TRT Two; 8-wk (n = 10), and TRT Three; 9-wk (n 
= 11). 
2.2.2. Snout and tail base proximity0 
 The experimental unit was the pen of pigs. For comparisons of proximity (cm) 
from the observer’s index finger to each nursery pig anatomical location, three treatments 
were compared: TRT One; “touch” (n = 27), TRT Two; “look” (n = 27), and TRT Three; 
“not” (n = 27). 
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2.3. Measures 
2.3.1. Behavior in a nursery pen  
Pigs were classified into three categories (1) “touch” (2) “look” and (3) “not.” 
The “not” classified pigs were further delineated into four mutually exclusive postures or 
two behaviors using digital image evaluation (Table 4.1). The average number of pigs per 
pen and percentages for “not” behaviors and postures by sex and age will be reported 
descriptively. The average number of pigs classified in the “not” category behaviors and 
postures were calculated by taking the number of individual pigs for each posture and 
behavior and dividing it by the total number of pens (n = 27). The percentage for pigs 
classified in the “not” category behaviors and postures was calculated by using the total 
number of pigs in a given “not” behavior or posture classification over all pens divided by 
the total number of pens * 100. 
2.3.2. Snout and tail base proximity 
Proximity (cm) from the observer’s index finger to each pig’s snout and tail base 
anatomical location was measured in the digital image. The snout and tail base 
anatomical locations were chosen because they were consistently visible in more digital 
images than other anatomical locations such as the pig’s ear or hoof. There was a 
possibility to collect 262 total snout and tail base anatomical data values. 
Snout was defined as the midpoint of the superior snout and tail base was defined 
as the point of the pig’s superior rear where the tail began. The proximity from the 
observer’s index finger to the pig’s snout and tail base was measured using the ruler tool 
in Adobe Photoshop CS5 (Adobe Systems Inc., San Jose, California). The ruler tool was 
calibrated using the ratio of the length and the pixel length of the of the nursery pen image 
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capturing device base. A conversion ratio was determined to be 13.6 (converting pixels to 
cm; 621 pixels= 45.7 cm). If a pig’s snout or tail base was not clearly visible in the digital 
image, the proximity was recorded as an unobservable value in the data set. 
 
2.4. Animals and location 
All pens contained the same sex of pig. Barrows and gilts were purebred Duroc 
and Yorkshires crosses, aged; 7-wk (24.4 kg), 8-wk (28.4 kg), and 9-wk (31.9 kg), 
respectively. Pigs were not individually weighed prior to the start of this experiment; 
average pig body weights were estimated from previous performance records kept on site 
for the genetic cross and age of nursery pig. The study was conducted on 4 November 
2010 at the Lauren Christian Swine Research Center at the Iowa State University Bilsland 
Memorial Farm, near Madrid, Iowa. 
 
2.5. Diets, housing and husbandry 
The ceiling height in the nursery rooms was 2.6 m. All pens measured 1.5 m width 
x 2.1m length, with steel dividers (81.3 cm height) between pens and a 93.9 cm steel front 
gate height. A feeder (27.8 cm width x 61.6 cm length x 71.2 cm height; Smidley Inc., 
Marting Mfg of Iowa, Inc., Britt, Iowa) was located centrally at the front of the pen (61.1 
cm from side pen dividers). A nipple cup drinker (Trojan, Dodge City, Kansas) was 1.4 m 
from the front gate attached to the left or right pen divider, at a height of 33 cm above 
floor level. Pigs had ad libitum access to a pelleted diet (1503 kcal per kg metabolizable 
energy and 20.7% crude protein) formulated to meet NRC requirements (NRC, 1998). 
Diets were provided in a 4-hole dry feeder with a pelleted-feed capacity of 45.4 kg. Each 
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room housed pigs differing in age; room one 9-wk, room two 8-wk, and room three 7-wk 
old pigs, respectively. Metal tri-bar flooring (6.4 mm gauge slats, Hog Slat, Newton Grove, 
North Carolina) was utilized in all pens. Two fluorescent lights were turned on from 7:00 
to 16:00 daily. Rooms were mechanically ventilated using two fans (Automated 
Production Systems, TC4 controller, Assumption, Illinois) set at 152.4 cubic cm of 
air/min/pig and one heater (L.B. White, Onalaska, Wisconsin). Average room temperature 
for all rooms was 23.5°C. Caretakers observed all pigs at least once a day. 
 
2.6. Nursery pen image capturing device  
The nursery pen image capturing device had a steel base (The Steel Works, 
Denver, Colorado) that measured 20.3 cm width x 45.7 cm length x 3.2 mm depth. A 10.2 
cm radius cast iron base (LDRI Industries Inc., N. Wikesboro, North Carolina) was welded 
on top of the steel base; 10.2 cm from the left and 35.6 cm from the right side (to provide 
an area for the observer to stand on while crouched to add nursery pen image capturing 
device stability). A 2.5 cm wide, 1.6 m tall PVC pipe (Silver-Line Plastics, Asheville, North 
Carolina) was screwed into the cast iron base. At the top of the PVC pipe, a PVC T 
(Lasco Fittings Inc., Brownsville, Tennessee) was inserted. Inside the first PVC T, an 
additional PVC T was inserted on the right side so the steel rod of the tripod head could 
be angled 35 degrees relative to the vertical PVC pipe. The final nursery pen image 
capturing device construction was 1.8 m height (from the steel base to the top of the 
camera). The camera was held in place by a tripod head that measured 28.6 cm length 
and protruded 11.4 cm behind the nursery pen image capturing device (Figure 4.1). The 
tripod head was placed in PVC Ts so the digital camera was vertical. The digital camera 
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was the PENTAX Optio W90 model (PENTAX Imaging Company, Golden, Colorado) and 
images were taken with an infrared wireless shutter remote control (PENTAX Imaging 
Company, Golden, Colorado) to capture the images while the observer was in the nursery 
pen. Attached to the PVC T, a duct tape lanyard measuring 58 cm length ran from the 
PVC vertical pipe and was attached to the remote that was held in the observer’s hand. 
The camera angle was positioned 18 degrees relative to the horizontal tripod head and 
was secured into position onto the nursery pen image capturing device using duct tape. 
The camera focal length was 28 mm, with a resolution of 3 megapixels. Before animal-
human interaction data was captured, the nursery pen image capturing device was tested 
in an empty nursery pen on the farm to ensure that the entire pen could be captured with 
a single image and the images would not be distorted. 
 
2.7. Design requirement  
A mock pen with the precise dimensions previously described was constructed at 
the College of Veterinary Medicine, Iowa State University. The pen position, height, tripod 
head angle, and camera angle combinations had to be determined for the nursery pen 
image capturing device to capture the entire pen and pigs at the farm site. The definition 
of a successful capture was a digital image that included four colored markers positioned 
in each corner of the mock pen. Each marker measured 7.6 cm width x 7.6 cm length. 
Three positions in the pen were compared: position one; right back corner away from 
the feeder, position two; central midpoint of the back wall away from the feeder and 
position three; back left corner away from the feeder. Three heights were compared: (1) 
1.5 m (2) 1.8 m and (3) 2.1 m. The tripod head was placed in PVC T so the digital camera 
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was vertical once attached. The tripod head angle was adjusted within the range of 0 to 
60 degrees relative to the vertical PVC pipe and the digital camera angle was adjusted 
to angles within the range of 0 to 30 degrees relative to the horizontal tripod head. 
 
2.8. Animal-human interaction methodology 
The methodology followed that previously described by Fangman et al. (2010). 
Briefly, upon entry into the first nursery room, the observer walked down the length of the 
room to the farthest pen on the left side of the alleyway, quietly stepped over the front pen 
gate, picked up the nursery pen image capturing device, walked down the side closest to 
the pen divider, and took four steps to the back wall of the pen so that the nursery pen 
image capturing device was centrally located on the back wall of the pen (Figure 4.2). The 
observer immediately crouched down in the right corner of the pen, extended and held 
still the left leather-gloved hand and began a stop watch, avoiding eye contact with the 
pigs for a 15-s period. At the conclusion of the 15-s period, the observer raised her head, 
took a digital image using the wireless remote and scanned the nursery pen to record 
three pig behavioral categories; “touch”, “look”, and “not.” After counting all pigs in the 
pen, the observer retraced her steps and exited the nursery pen. The live observation 
numbers for pigs engaged in “touch”, “look”, and “not” were recorded on a scan sheet that 
was located in the central alleyway. The observer then proceeded to all pens in the room 
in “a side-to-side fashion” until all pens had been entered, scanned, and recorded. The 
nursery room diagram and associated details regarding pen layout is located in Figure 
4.3. 
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2.9. Statistical analysis 
All data were evaluated for normal distribution before analysis by using the PROC 
UNIVARIATE procedure of SAS (SAS Institute Inc., Cary, North Carolina). Data used to 
evaluate nursery pig behaviors (“touch”, “look”, and “not”) were not normally distributed. 
These data were analyzed by using the PROC GLIMMIX procedure of SAS (SAS Institute 
Inc., Cary North Carolina). The main effects of methodology (live human observation and 
digital image evaluation), sex (gilts and barrows) and age (7-, 8-, and 9-wk) were 
compared. The statistical model for methodology included the fixed effect of 
methodology and the random effect of room. The statistical model for behaviors by sex 
within methodologies and age within methodologies included the fixed effect of sex 
and age and the random effect of room. A Poisson distribution was noted for this data, 
hence the I-Link option was used to transform the mean and SE values back to the 
original units of measure for data and results interpretation. A P-value of ≤ 0.05 was 
considered to be significant for all measures. Data for pigs classified as “not” postures 
and behaviors will be presented descriptively. 
To determine the proximity (cm) from the observer’s index finger to each nursery 
pig’s snout and tail base using the digital image, the PROC MIXED procedure of SAS was 
used. Two statistical models were used to analyze snout and tail base measures 
separately. The fixed effect of room (1 and 2) and behavior (“touch”, “look”, and “not”) 
were included. Pen by room and position by pen by room were nested and was included 
as a random effect in the model. PDIFF was used to determine differences. A P-value of 
≤ 0.05 was considered to be significant for all measures.  
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3. Results 
3.1. Construction of the nursery pen image capturing device  
Device position: The device was placed in the midpoint of the pen back wall (as 
opposed to the right or left corners). This placement was chosen due to the design of the 
cast iron mounting position onto the steel base of the pen image capturing device. There 
was a larger base area prodruding to the right so that the observer could place their foot 
onto the base for added device stability. Height of the device: The goal was to construct 
a device with the shortest height that would capture the entire pen that was easy to move 
and did not distort the digital image. This resulted in a 1.8 m final height. Tripod head 
angle: The tripod head holding the camera was positioned in a horizontal manner relative 
to the vertical PVC pipe. This angle was sufficient at capturing the entire width of the 
nursery pen but insufficient at capturing the entire length of the nursery pen. The final 
tripod head angle was 35 degrees relative to the vertical PVC pipe. After taking mutiple 
pictures with the tripod head ranging from 0 to 30 degrees, a 18 degree vertical camera 
angle relative to the horizontal tripod base gave a digital picture that allowed all areas of 
the nursery pen to be captured, without distortion of the nursery pen sides. 
 
3.2. Behavior in pen 
Method: There were no (P > 0.05) differences between pigs classified as “touch”, “look”, 
and “not” between live human observation and digital image evaluation (Table 4.2). Sex 
of pig within methodologies: There were no (P > 0.05) differences between pigs 
classified as “touch”, “look”, and “not” within live human observation or within digital image 
evaluation (Table 4.3). Age of pig within methodologies: When comparing age for the 
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live human observer, more (P = 0.02) 8-wk old pigs touched the human than 7- and 9-wk 
old pigs but there were no (P > 0.05) differences between pigs classified as “touch”, 
“look”, and “not” for digital image evaluation (Table 4.5). Pigs classified in the “not” 
category: The majority of pigs classified in the “not” category regardless of sex and age 
were standing, followed by head in feeder. On average 4.1% of barrows and gilts and 
8.8% of 9-wk old pigs were piling with no 7 or 8-wk old pigs piling (Table 4.6). Regardless 
of sex and age the majority of pigs classified in the “not” category were standing (87.8%), 
followed by head in feeder (6.1%) and piling (4.1%). 
 
3.3. Snout and tail base proximity 
There was a difference in proximity between the observer’s index finger and the 
snout and tail base anatomical locations when pigs were classified in the “touch”, “look”, 
and “not” categories. The snouts and tail bases for pigs classified in the “touch” category 
were closest (P < 0.0001) to the observer’s index finger, followed by “look” and “not”, 
respectively (Table 4.7). When counting the number of snout and tail base locations, the 
author was unable to measure 15% of tail bases (1.5 pigs out of 10 pigs/pen) and 33% 
(3.3 pigs out of 10 pigs/pen) of snouts in the digital image. The majority of unobserved 
anatomical locations were pigs classified in the “not” category for snouts (53%) compared 
to pigs classified in the “touch” (38.9%) and “look” (4.8%) categories, respectively. Tail 
base anatomical locations across all categories for unobserved data locations were 
similar for all pigs (“touch” 15.1, “look” 14.3, and “not” 12.9%). 
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4. Discussions and conclusions  
4.1. Historical perspective for on farm behavioral methods in the U.S.  
The first on-farm swine welfare assessment program was released in 2003 by the 
National Pork Board. This assessment program was the Swine Welfare Assurance 
Program™ (SWAP™). Within SWAP (publication no longer available) under Care and 
Welfare Principle 3, a section titled Animal Observation had several components with one 
measure specifically addressing “swine behavior” including pig-human interaction within 
the home pen. In 2007, the National Pork Board’s Animal Welfare Committee 
recommended that the Pork Quality Level III and SWAP should be combined into the 
Pork Quality Assurance Plus™ (PQA Plus™). In PQA Plus, the swine behavior section is 
now a bench-mark and is not included in the assessment. An explanation for moving this 
animal-human interaction test from an assessment measure to a bench mark was due to 
concerns with the tests objectivity, repeatability, and meaningfulness in conjunction with it 
being practical (personal communication with A. Johnson). 
 
4.2. Nursery pen image capturing device specifications  
The first study objective was to build a digital image capturing device that would 
record pig behavior in their home pen. Device specifications included identifying the 
shortest height whilst still being able to digitally capture the entire pen with no distortion. It 
was determined that the camera needed to be maintained in a vertical position and 
angled downwards to capture the entire nursery pen. In the U.S., a finisher pen typically is 
1.8 m width x 3 m length so the need for this device to be tall enough to capture the entire 
pen is a critical consideration. The specifications of future image capturing devices could 
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include a central pole that is designed to be raised and lowered allowing different heights 
to be captured and thus adjusting for different pen areas respectively. 
 
4.3. Behavior in pen 
The second study objective was to compare “touch”, “look”, and “not” categories for 
nursery aged pigs using two methods; live human observation and digital image 
evaluation. Previous work by Fangman and colleagues (2010) used the terminology 
“willing to approach” or WTA to classify the pig-human interaction. When comparing the 
two methodologies, there were no differences for pigs classified as “touch”, “look”, and 
“not.” Possible reasons why no differences were reported could be (1) there were only 
~10 pigs/pen resulting in a small population size that needed to be counted making the 
live human observation method “easier” or “doable” and (2) only three pig-human 
interaction categories were collected. If an ethogram had more behaviors and postures 
and pens were more representative of commercial production (25 pigs/pen) then the live 
human observation methodology could become less accurate. However, within the 
parameters of the current study, either methodology yielded similar results. 
The third study objective was to compare pigs classified in the “touch”, “look”, and 
“not” categories for sex and age within each method. Little published research has 
reported sex differences in regards to animal responses to a novel and/or unfamiliar 
object. Hemsworth et al. (1986) studied three handling treatments on the behavior of 15 
male and 30 female, 11-wk old pigs. Handling treatments included a pleasant (pig was 
gently stroked by experimenter upon approach), unpleasant (pig was shocked for 1-s with 
a prodder by experimenter upon approach) and minimal (no human contact except upon 
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routine husbandry practices). The authors concluded that there was no difference in 
approachability between sexes when pigs were in the pleasant handling treatment. These 
findings are in agreement with the present study where no differences were observed 
between gilts and barrows regardless of methodology. In a study by Hemsworth and 
Barnett (1992), pigs were handled at different ages. This study observed that pigs 
handled from 0- to 3-wk and 9- to 12-wk were quicker to approach and interact with the 
experimenter at 18-wk of age than pigs in a non-handled treatment. In the present study, 
nursery pigs had been minimally handled by caretakers prior to the experiment. Although 
no differences were observed between the behaviors using digital image evaluation, there 
was a trend for more 8-wk old pigs to be classified as touching the human observer when 
the live observation methodology was used. Possible reasons could be related to the size 
of the pig in relation to the amount of space within the pen and the observer’s ability to 
count and classify quickly. The smaller pigs in the pen (7-wk) could have been further 
back and at an angle where the human observer could not see them clearly for counting. 
Another reason for the difference between pigs classified in the “touch” category in the 
live observation was the observer raised her head, took the picture, and 
counted/classified pigs. Although this difference was recorded as being 3- to 5-s 
differences, this might have been enough time for a pig to move from one category to 
another in the digital image. Therefore, repeating these ages with live human observer 
counts and the digital image being taken simultaneous may be able to provide answers to 
why more pigs were classified as “touch” at 8-wk of age. Finally, interpreting these 
findings from a statistical and biological standpoint is difficult and these differences could 
have been a result of a statistical anomaly. 
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The fourth study objective was to determine the behaviors and postures of pigs 
when classified in the “not” category using digital image evaluation. An average of 4.3 
pigs/pen were classified as touching or looking at the observer (43.9%) and 5.4 pigs/pen 
were classified as “not” (56.1%). Regardless of sex and age the majority of pigs classified 
in the “not” category were standing, followed by head in feeder, and piling. No pigs were 
classified as lying or mouth around drinker. If this behavioral measure was to be used 
practically for assessing and/or auditing nursery pig welfare, it would be encouraged that 
pigs classified as “not” are further delineated into discrete behaviors and postures. 
Determining what these pigs are engaged in would then provide a producer, veterinarian, 
and/or assessor information on the pigs’ overall comfort level. It could be erroneous to 
conclude that all pigs classified as “not” are fearful of the human in their home pen and 
therefore in a compromised state of welfare. Upon further analysis of the findings from the 
present study, 92% of all pigs were engaged in behaviors and postures not considered to 
be fearful of the human in their pen. 
 
4.4. Snout and tail base proximity 
The fifth study objective was to quantify the closest pig proximity to the observer in the 
digital image at the conclusion of the human-animal interaction test. The strength of 
capturing a digital image allows the assessor or auditor to determine pig behavior and/or 
proximity precisely and both of these measures could be useful for inclusion into an on-
farm behavioral assessment test. Pigs being prey species still maintain the drive to detect 
and escape predators (Kurz and Marchinton, 1972; Rushen et al., 1999). However, the 
drive to escape is perhaps dictated by the result of domestication and in turn is affected 
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by environmental restrictions/freedoms, personal space invasion, and human association 
(Price, 1999). In order to ascertain how individual nursery pigs in a pen are orientated 
towards a human, snout and tail base proximity measures from the observer’s index 
finger were collected. In this study for all the behavioral categories the snout of the pig 
was closer to the human observer than the respective tail base. This might seem like an 
intuitive result that pigs were facing the human. However if pigs were fearful, they may be 
facing away from the human observer resulting in the tail base being the closest 
anatomical location. 
Kittawornrat and Zimmerman (2010) reported that feral pigs use their sense of smell to 
search for food (typically rooting with nose), detect potential predators, and mark territory. 
The extensive use of the snout could help explain why more snout anatomical locations 
were unobserved over all categories compared to tail base; 39 versus 15% of pigs 
classified in the “touch” category, 5 versus 14 % of pigs classified in the “look”, and 14 
versus 13% of pigs classified in the “not” categories, respectively. When reviewing these 
digital images a trajectory path could not be drawn from the midpoint of the superior snout 
to the observer’s index finger. This could be due to challenges in this category where pig 
co-specifics’ anatomy blocking the snout of the pig. An additional measure that might be 
useful to collect in future studies would be the angle of the pig’s body in relation to the 
human observer. Pigs classified in the “look” and “not” categories for tail base were more 
randomly placed and location was not different between these two categories. Therefore, 
when deciding which anatomical location to use for proximity analysis in future studies; 
the authors recommend the tail base, but would caution that this measurement is very 
time consuming and the live human observation of pigs classified as “touch”, “look”, and 
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“not” might be more practical for use on-farm. In conclusion when capturing behavior of 
nursery pigs with a human in their home pen either methodology (live human observation 
and digital image evaluation) produced similar results. However these methods should be 
applied to commercial pens that are larger with more pigs in each pen to see if these 
results hold. 
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Table 4.1. Description of pig postures and behaviors at the conclusion the animal-human 
interaction test at 15-s from the live human observation and digital image evaluation.a 
a Ethogram adapted from Hurnik et al. (1995).
Measure  Definition 
Classification at 15-s for live human observation and digital image evaluation 
Touch  Any part of the pigs’ body touching the human observer 
Look  Eye contact (both eyes) with the observer  
Not  Pigs not exhibiting the above two behavioral classifications  
Further classification of “not” pigs using digital image evaluation 
Postures 
Stand 
Sit 
 
Pile  
  
Upright position with all four feet on the floor 
Back legs relaxed with body resting on the floor with buttocks 
or thighs 
Two or more feet off of floor with body erected atop a pen 
mate  
Lie  All legs relaxed with underside in contact with the floor 
Behaviors   
Head in feeder 
Mouth around drinker 
 Head down in feeder  
Mouth on nipple of drinker 
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Table 4.2. Nursery pig behavior (“touch”, “look”, and “not”) means (±SE) from live human 
observation and digital image evaluation methodologies when housed in small pens.a 
 Methodologyb  
Measure Live Digital P-value 
No. Pens 27 27 . 
Touchc 2.5 ± 0.5 2.1 ± 0.4 0.33 
Touch, % 26.1 ± 4.7 21.9 ± 4.7 0.35 
Look 1.7 ± 0.4 2.1 ± 0.4 0.24 
Look, % 17.3 ± 4.0 21.8 ± 4.0 0.20 
Not 5.5 ± 0.8 5.4 ± 0.8 0.95 
Not, % 56.7 ± 8.0 56.4 ± 8.0 0.96 
a Small pens defined as measuring 1.5 m width x 2.1m length. 
b Live was defined as the pig classification counts taken by the observer in real-time; 
Digital was defined as the pig classification counts taken from the digital image captured 
at the time of live observation. 
c Touch was defined as any part of the pigs’ body touching the human observer ; Look was 
defined as eye contact (both eyes) with the observer; Not was defined as pigs not 
exhibiting the above two behavioral classifications.
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Table 4.3. Nursery pig behaviors (“touch”, “look”, and “not”) means (± SE) using live 
human observation and digital image evaluation methodologies for sex (gilt and barrow) 
when housed in small pens.a 
 Methodologyb  
 Live Digital P-value 
Measure Barrow Gilt Barrow Gilt Live Digital 
No. pens 13 14 13 14 . . 
Touchc 2.2 ± 0.9 1.2 ± 0.5 1.9 ± 0.4 2.3 ± 0.4 0.08 0.52 
Touch, % 14.0 ± 6.8 23.2 ± 7.2 24.1 ± 3.3 20.3 ± 3.7 0.11 0.40 
Look 2.7 ± 0.6 2.5 ± 0.5 2.5 ± 0.7 1.8 ± 0.5 0.72 0.23 
Look, % 26.2 ± 5.6 28.5 ± 6.2 19.3 ± 5.8 25.9 ± 6.4 0.74 0.35 
Not 4.5 ± 1.0 5.6 ± 1.2 5.1 ± 0.8 5.4 ± 0.7 0.23 0.73 
Not, % 60.1 ± 11.5 47.9 ± 12.1 56.5 ± 7.3 53.4 ± 8.1 0.20 0.72 
a Small pens defined as measuring 1.5 m width x 2.1m length. 
b Live was defined as the pig classification counts taken by the observer in real-time; 
Digital was defined as the pig classification counts taken from the digital image captured 
at the time of live observation. 
c Touch was defined as any part of the pigs’ body touching the human observer ; Look was 
defined as eye contact (both eyes) with the observer; Not was defined as pigs not 
exhibiting the above two behavioral classifications.
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Table 4.5. Nursery pig behaviors (“touch”, “look”, and “not”) means (± SE) using live human observation and digital image 
evaluation methodologies for age (7-, 8- and 9-wk) when housed in small pens.a 
 Methodologyb   
 Live Digital P-value 
 6 7 8 6 7 8 Live Digital 
No. pens 6 10 11 6 10 11 . . 
Touchc 1.2 ± 0.5a 2.8 ± 0.6b 1.0 ± 0.3a 2.5 ± 0.7 2.3 ± 0.5 1.7 ± 0.4 0.02 0.52 
Touch, % 13.0 ± 6.0a 29.0 ± 4.9b 11.3 ± 4.6a 26.4 ± 4.7a 24.5 ± 3.9a 18.3 ± 3.6b 0.02 0.30 
Look 2.4 ± 0.6 3.4 ± 0.6 2.0 ± 0.5 1.6 ± 0.5 2.9 ± 0.6 1.7 ± 0.4 0.19 0.16 
Look, % 24.4 ± 6.9a 35.2 ± 5.7b 21.8 ± 5.2a 17.3 ± 7.3a 30.3 ± 6.0b 18.2 ± 5.6a 0.18 0.23 
Not 5.9 ± 1.0a 3.5 ± 0.6b 6.3 ± 0.8a 5.3 ± 1.0 4.3 ± 0.7 6.0 ± 0.8 0.02 0.26 
Not, % 62.6 ± 9.7a 35.8 ± 8.0b 66.9 ± 7.4a 56.3 ± 8.7a 45.2 ± 7.2b 63.5 ± 6.7a 0.02 0.16 
a Small pens defined as measuring 1.5 m width x 2.1m length. 
b Live was defined as the pig classification counts taken by the observer in real-time; Digital was defined as the pig 
classification counts taken from the digital image captured at the time of live observation. 
c Touch was defined as any part of the pigs’ body touching the human observer; Look was defined as eye contact (both 
eyes) with the observer; Not was defined as pigs not exhibiting the above two behavioral classifications. 
ab Indicate a P-value difference of ≤ 0.05 considered to be significant within each methodology across each row.
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Table 4.6. Pig postures and behaviors when classified in the “not” category using digital 
image evaluation when house in small pens.a 
                        Sex of pig Age of pig 
 Barrow Gilt 7 wk 8 wk 9 wk 
No. pens                                         13 14 6 10 11 
Percentage of pigs 52.4 47.6 22.4 31.3 46.3 
Posturesb      
Stand      
  No. Pigs/pen  5.1 4.5 5.2 4.0 5.3 
  Percentage of pigs  85.7 90.0 93.9 87.0 85.3 
Sit      
  No. Pigs/pen  0.2 0.1 0 0 0.3 
  Percentage of pigs  2.6 1.4 0 0 4.4 
Pile      
  No. Pigs/pen 0.2 0.2 0 0 0.5 
  Percentage of pigs  3.9 4.3 0 0 8.8 
Lie      
  No. Pigs/pen 0 0 0 0 0 
  Percentage of pigs  0 0 0 0 0 
Behaviorsc       
Head in feeder      
  No. Pigs/pen  0.5 0.2 0.3 0.6 0.1 
  Percentage of pigs  7.8 4.3 6.1 13.0 1.5 
Mouth around drinker       
  No. Pigs/pen 0 0 0 0 0 
  Percentage of pigs  0 0 0 0 0 
a The denominator used to calculate behavior and posture percentages of pigs classified 
in the “not” category was the total number of “not” pigs in each category across all pens/ 
total number of pens; Small pens defined as measuring 1.5 m width x 2.1m length. 
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b  Stand was defined as an upright position with all four feet on the floor; Sit was defined 
as back legs relaxed with body resting on the floor with buttocks or thighs; Pile was 
defined as two or more feet off of floor with body erected atop a pen mate; Lie was 
defined as all legs relaxed with underside in contact with the floor. 
c Head in feeder was defined as head down in feeder; Mouth around drinker was defined 
as mouth on nipple of drinker.
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Table 4.7. Nursery pig snout and tail base proximities from the human observer’s index 
finger within the behavioral categories (“touch”, “look”, and “not”) using digital image 
evaluation when housed in small pens.a 
 Behavior classificationb  
 Touch Look Not P-value 
No. pens 27 27 27 . 
Anatomical locationc     
Snout 38.2 ± 7.1a 55.9 ± 6.3b 75.9 ± 6.0c <0.0001 
Tail base 78.5 ± 4.2a 98.1 ± 4.4b 92.5 ± 3.6b <0.0001 
a Small pens defined as measuring 1.5 m width x 2.1m length. 
b Touch was defined as any part of the pigs’ body touching the human observer ; Look was 
defined as eye contact (both eyes) with the observer; Not was defined as pigs not 
exhibiting the above two behavioral classifications. 
c Snout was defined as the midpoint of the superior nose and tail base was defined as the 
point of the pig’s superior rear where the tail began. The proximity from anatomical 
locations on the pig to the human observer’s index finger of their outstretched hand was 
measured using digital image evaluation (using the ruler tool of Adobe Photoshop CS5, 
Adobe Systems, Inc., San Jose, California). A standardized setting was determined using 
a ratio of the image capturing device base length and the device base pixel length in the 
digital image (621 pixels = 45.7 cm). 
abc Indicate a P-value difference of ≤ 0.05 considered to be significant across each row.
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Figure 4.1. The schematic of the nursery pen image capturing device used to record the 
digital image that was compared to the live human observation method. 
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Figure 4.2. Nursery pen image capturing device and human observer location within the 
small nursery pen during the live human observation method. 
 
a Indicates observer placement of feet. The right foot was placed on the left corner of the 
nursery pen image capturing device base to provide stability. 
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Figure 4.3. Nursery room schematic illustrating the “side to side” sampling fashion for 
entrance, scanning, and recording (Fangman et al., 2010) during the live human 
observation method. 
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Abstract: Animal-human interaction tests are an animal-based measure that has been 
included in on-farm welfare assessments and audits. Currently the U.S. swine industry 
on-farm welfare assessment program does not use an animal-human interaction test due 
to concerns over its objectivity, repeatability, and meaningfulness. The objective of this 
study was to build a device that could capture pig behavior, postures, proximity, and 
location so two methods could be compared when an unknown human was in the home 
pen. A total of 79 pens housing ~22 pigs/pen were used (0.3 m2/pig). Pigs were 6-wk old 
and weighed ~25.4 kg. For pig behavior classifications (“touch”, “look”, and “not”), two 
treatments were compared: TRT One; live human observation and TRT Two; digital 
image evaluation. For snout and tail base nursery pig proximity from the observer’s index 
finger three treatments were compared: TRT One; “touch”, TRT Two; “look”, and TRT 
Three; ”not.” For location of the nursery pig in relation to a human observer two treatment 
sections were compared: Section One; thirds and Section Two; fourths. Data used to 
evaluate nursery pig behaviors (”touch”, “look”, and “not”) were not normally distributed. 
These data were analyzed using the PROC GLIMMIX procedure of SAS. Data for pigs 
classified as “not” delineated postures and behaviors as well as pig location will be 
presented descriptively. Data used to evaluate snout and tail base proximity to the 
observer’s index finger were analyzed using the PROC MIXED procedure of SAS. There 
were no (P > 0.10) differences between pigs classified as “touch” between live human 
observation and digital image evaluation. More pigs were classified as “look” and less 
were classified as “not” for digital image evaluation compared to live human observation 
(P < 0.0001). A total of 47.3% of pigs in a pen were either classified as ‘touch” or “look”, 
with 52.7% classified as “not.” The majority of “not” pigs were standing followed by sitting, 
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with 2.5% piling. There was a difference (P < 0.0001) in proximity between the observer’s 
index finger and anatomical locations on the pig. Both snout and tail base proximities for 
pigs classified as “touch” were closer (P < 0.0001) compared to pigs classified as “look” 
and “not.” Regardless of how pens were sectioned, more pigs/pen were located in the 
furthest section from the human observer. In conclusion, when conducting the animal-
human test different measures can be used to ascertain the human effect on the pig. The 
live human observation is a faster practical application but the digital image evaluation 
allows for more information to be collected. Therefore, when deciding upon which 
methodology (live human observation and digital image evaluation) to use for an animal-
human interaction test, the decision will likely be based on it being practical, repeatable, 
reliable, meaningful, and fast. 
 
Keywords: swine, animal-human interaction, behavior, method 
 
Restaurants, grocery stores, and consumers are continuing to request information 
on how farm animals have been raised, handled, transported and processed (Grandin, 
2007; Hemsworth et al., 2009; Johnson, 2008, 2009). Animal commodity groups have 
been addressing species specific welfare guidelines in the U.S. with varying degrees of 
application and content. On-farm welfare assessment involves the practical evaluation of 
animal state under commercial farm conditions. This is an exercise carried out by 
scientists and practitioners for many different reasons including adherence to assessment 
welfare standards for the purpose of farm assurance schemes (Edwards, 2007). 
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When an animal is placed into a situation that is perceives as being threatening it 
can react internally via physiological changes (Gray, 1987; Moberg and Mench, 2000) 
and can be measured externally using changes in their behavior. Animals can react in 
one of three ways, “fight”, “flight” or “freeze”. Animal-human interaction tests have been 
used to determine fear in a variety of farm species, for example the open field (Mormède 
et al., 1984), human approach, and novel approach tests (Grandin, 2007; Hemsworth et 
al., 1996; Rushen et al., 1999). Fangman et al. (2010) coined the term “willingness to 
approach” or WTA (defined as the sum of pigs approaching defined as pig to human 
contact and looking defined as the pig facing the observer in a semi-circle) as a positive 
alternative to fear using a live human observer to count and classify pigs. Although this 
study demonstrated that the WTA methodology was a sensitive tool that assessed 
nursery pig reactivity to vaccines, Fangman and colleagues (2010) questioned the 
accuracy of using a live method. In addition other external factors that must be 
considered for animal-human interaction tests to be objective, repeatable, and meaningful 
is what time a test is applied. Forkman et al. (2007) have suggested that the first, 
immediate animal response to a novel or unfamiliar object is more accurate when 
evaluating animal-human interaction repeatability. Furthermore, livestock are prey 
species with different sensory perceptions compared to humans and in-turn may react 
differently to novel or unfamiliar stimuli (Moberg and Mench, 2000). Reactions may differ 
with age (Hemsworth et al., 1992), group size (Samarakone and Gonyou, 2009), location 
of the human observer within the pen (Windschnurer et al., 2009), individual pig 
differences (Spoolder et al., 1996) and previous caretaker-pig interactions (Hemsworth et 
al., 2009). If a digital method could capture pigs at a given time point (i.e. a “snap-shot in 
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time”) then behavioral classifications, precise proximity from the human observer, and pig 
location within their home pen may provide a more objective and repeatable result. 
Therefore, the objectives of this study were to (1) build a digital image capturing 
device to record pig behaviors and postures in their home pen (2) compare “touch”, 
“look”, and “not” for nursery aged pigs using two methods; live human observation and 
digital image evaluation (3) determine the behaviors and postures of pigs when classified 
in the “not” category using digital image evaluation (4) quantify the closest pig proximity to 
the observer in the digital image at the conclusion of the human-animal interaction test 
and (5) determine individual pig location in the nursery pen when the pen had been 
arbitrarily divided into sections when pigs were housed in commercial pens. 
 
Materials and Methods 
Animal care and husbandry protocols for this experiment were overseen by the 
company veterinarian and farm manager. These protocols were based on the U.S. swine 
industry guidelines presented in the swine care handbook (NPB, 2007) and the Pork 
Quality Assurance Plus™ (2010). In addition, all procedures were approved by the 
IACUC committee. 
 
Treatments and experimental design 
For all measures, the pen of pigs was the experimental unit (n = 79). All treatments 
were assigned within rooms. For pig behaviors, two treatments were compared: TRT 
One; live human observation and TRT Two; digital image evaluation. For each pig’s snout 
and tail base proximity from the observer’s index finger three treatments were compared: 
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TRT One; “touch”, TRT Two; ”look”, and TRT Three; ”not.” For location of the nursery pig 
in relation to a human observer two treatments were compared: TRT One; thirds and TRT 
Two; fourths. 
 
Measures 
Behavior in a nursery pen  
Pigs were classified into three categories (1)”touch” (2) “look” and (3) “not.” The 
pigs classified in the “not” category were further delineated into four mutually exclusive 
postures or two behaviors using digital image evaluation (Table 5.1). The average 
number of pigs engaged in a behavior or posture were summed together and then divided 
by the total number of pens. The pig percentages classified in the “not” behaviors and 
postures were calculated by using the average number of pigs in a given “not” behavior or 
posture classification divided by the average total “not” pigs in a pen (12.1) * 100. 
 
Snout and tail base proximity 
Proximity (cm) from the observer’s index finger to the snout and tail base for each 
pig was measured using digital image evaluation. Snout and tail base anatomical 
locations were chosen because they were visible in more digital images than other 
anatomical locations such as the pig’s ear or hoof. If a pig snout or tail base was not 
clearly visible in the digital image the proximity was replaced as an unobservable value in 
the data set. There was a possibility to collect 1793 total snout and tail base anatomical 
data locations. 
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Snout was defined as the midpoint of the superior snout and tail base was defined 
as the point of the pig’s superior rear where the tail began. Snout and tail base proximities 
were measured using the ruler tool in Adobe Photoshop CS5 (Adobe Systems Inc., San 
Jose, California). A standardized setting was determined using a ratio of the feeder length 
and feeder pixel length in a digital image using the ruler tool, creating a conversion ratio 
of 9.9 (converting pixels to cm; 556 pixels= 55.9 cm). 
 
Location of nursery pigs in relation to a human observer  
The length of the nursery pen was measured with the Adobe Photoshop ruler tool 
from the pen gate located directly behind the midpoint of the observer back (defined as 
the dorsal medial point) to the opposite wall of the pen. The total length of the pen was 
220 cm. A transparency was taped to the computer monitor. To compare the location of 
pigs in relation to a human observer the home pen was divided into fourths and thirds. To 
create fourths the pen was divided into; 0 to 55 cm, 56 to 110 cm, 111 to 165 cm and 166 
to 220 cm sections, respectively. To create thirds the pen was divided into; 0 to 73.3 cm, 
73.4 to 147.7 cm and 147.8 to 220 cm sections, respectively. Pigs were then counted 
within the section lines. A pig was considered in a section if both eyes and at least one 
complete ear were in front of the line.  
 
Animals and location 
A total of 79 pens in two rooms (40 in room 1 and 39 in room 2) housing ~22 
pigs/pen were used (0.3 m2/pig). Pigs were 6-wk old barrows and gilts from a commercial 
crossbred genetic line (Midwest Farms, Burlington, Colorado) and weighed ~25.4 kg. Pigs 
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were not individually weighed prior to the start of this experiment; average body weights 
for these pigs were determined from previous performance records kept on site for the 
genetic cross and age of nursery pig. The study was conducted on 8 March 2011 at a 
commercial nursery site situated 128 km (80 miles) SW of Ames, Iowa.  
 
Diets, housing and husbandry 
The ceiling height in the nursery rooms were 2.6 m. Pens measured 1.8 m width x 
3 m length with steel dividers (81.3 cm height) between pens and one steel gate at the 
front of each nursery pen that measured 91.4 cm height. Pens were situated with 10 pens 
on the right, 10 on the left and 20 in the center separated by two alleyways (76.2 cm 
width). Feeders were located on the right or left side of the pen, depending on pen 
location and were 78.7 cm from the front gate. Feeders were green and circular with a 
radius of 55.9 cm and height of 81.4 cm (Osborne, Osborne, Kansas). Pigs had ad libitum 
access to a meal-grind diet (1510 kcal/kg metabolizable energy and 18.1% crude protein) 
formulated to meet requirements (NRC, 1998). Diets were provided in a 5-hole feeder per 
pen with a feed capacity of 76.2 kg. Each pen contained one stainless steel nipple drinker 
(Suevia Haighes, Kircheim, Germany) on the opposite side of the feeder, except for end 
pens where the drinker was located on the side of the feeder farthest from the alleyway. 
The drinker (Trojan, Dodge City, Kansas) was 1.2 m from the front gate, at a height of 
12.7 cm above floor level on either the right or left pen divider. Polygrate flooring (12.7 
mm gauge slats; Faroex Ltd., Gimli, Manitoba, Canada) was utilized in all pens. Twenty 
fluorescent lights were turned on at 0700 for daily chores and then were turned off around 
1600. Two night lights were on 24-h/d. Rooms were mechanically ventilated using either 
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two pit fans (Osborne, Osborne, Kansas) with variable speed, 18 inlets and wall fans 
(Osborne, Osborne, Kansas) set at 5 CFMs/pig. In each room were two heaters (L.B. 
White, Onalaska, Wisconsin) set at 0.5 oC below set point. Average room temperature 
was 23.5°C. Caretakers observed all pigs twice daily. 
 
Nursery pen image capturing device  
The nursery pen image capturing device had a steel base (The Steel Works, 
Denver, Colorado) that measured 20.3 cm width x 45.7 cm length x 3.2 mm depth. A 10.2 
cm radius cast iron base (LDRI Industries Inc., North Wikesboro, North Carolina) was 
welded on top of the steel base; 17.8 cm from both the right and the left side (to provide 
increased stability as the nursery pen image capturing device at this site was free 
standing in the alleyway next to each pen gate). A 2.5 cm width, 1.6 m height PVC pipe 
(Silver-Line Plastics, Asheville, North Carolina) was screwed into the cast iron base. 
Using a 2.5 cm radius PVC connector, (Lasco Fittings Inc., Brownsville, Tennessee) a 
second 42.3 cm height PVC pipe (Silver-Line Plastics, Asheville, North Carolina) was 
added to the top of the 1.6 m height PVC pipe to create a total nursery pen image 
capturing device height of 2.3 m. At the top of the PVC pipe a PVC T (Lasco Fittings Inc., 
Brownsville, Tennessee) was inserted. Inside the first PVC T an additional PVC T was 
inserted on the right side so the tripod head could be angled 60 degrees relative to the 
vertical PVC pipe. The camera was held in place by a tripod head that measured 28.6 cm 
in length and protruded 11.4 cm behind the nursery pen image capturing device (Figure 
5.1). The digital camera was the PENTAX Optio W90 model (PENTAX Imaging 
Company, Golden, Colorado). The camera was additionally equipped with an infrared 
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wireless shutter control remote (PENTAX Imaging Company, Golden, Colorado) to take 
the images while the observer was in the nursery pen. The digital camera was angled at 
30 degrees relative to the horizontal tripod head and was secured into position onto the 
nursery pen image capturing device using tape. The camera focal length was 28 mm, with 
a resolution of 3 megapixels. Before animal-human interaction work was captured the 
nursery pen image capturing device was tested in an empty nursery pen on farm to 
determine that the entire pen could be captured and the images would not produce a 
distortion. 
 
Animal-human interaction methodology 
The methodology followed that previously described by Fangman et al. (2010). 
Briefly, upon entry into the first nursery room the observer walked down the length of the 
room to the farthest pen on the right side of the alleyway, positioned the nursery pen 
image capturing device at the midpoint of the front pen gate, and quietly stepped over the 
gate (Figure 5.2). The observer immediately crouched down in the center of the front gate 
adjacent to the alleyway of the home pen, extended and held still the left leather-gloved 
hand and began a stop watch, avoiding eye contact with the pigs for a 15-s period. At the 
conclusion of the 15-s period, the observer raised her head, took a digital image using the 
wireless remote, and simultaneously scanned the nursery pen to record three pig 
behavioral categories; “touch”, “look”, and “not.” After counting all pigs in the pen, the 
observer retraced her steps and exited the nursery pen. The live observation numbers for 
pigs engaged in “touch”, “look”, and “not” were recorded on a scan sheet that was located 
in the central alleyway. The observer then proceeded to all pens in the room in a “side-to-
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side” fashion until all pens had been entered, scanned and recorded. A schematic of the 
nursery room can be seen in Figure 5.3. 
 
Statistical analysis 
All data were evaluated for normal distribution before analysis by using the PROC 
UNIVARIATE procedure of SAS (SAS Institute Inc., Cary, North Carolina). 
 
Behavior in a nursery pen  
Data used to evaluate nursery pig behaviors (”touch”, “look”, and “not”) failed to 
meet the assumption of normally distributed data. These data were analyzed by using the 
PROC GLIMMIX procedure of SAS (SAS Institute Inc., Cary North Carolina). The 
statistical model included the fixed effects of methodology (live human observation and 
digital image evaluation). Total number of pigs/pen was used as a linear covariate. A 
Poisson distribution was noted for pig counts and used in the evaluation using PROC 
GLIMMIX procedures. Further, the I-Link option was used to transform the mean and SE 
values back to the original units of measure to better understand the results. A P-value of 
≤ 0.05 was considered to be significant for all measures. Data for pigs classified in the 
“not” category further delineated into postures and behaviors will be presented 
descriptively. 
 
Snout and tail base proximity 
Data used to evaluate snout and tail base proximity to the observer’s index finger 
met the normal distribution assumption for the ANOVA test. These data were analyzed 
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using the PROC MIXED procedure of SAS. Two statistical models were used to analyze 
snout and tail base measures separately. The fixed effect of room (1 and 2) and pig 
behavior (“touch”, “look”, and “not”) were included. Pen by room and position by pen by 
room were nested and was included as a random effect in the model. The PDIFF option 
was used to determine differences between pig positions. A P-value of ≤ 0.05 was 
considered to be significant for all measures.  
 
Location of nursery pigs in relation to a human observer  
Data for the location of the nursery pig in relation to the human observer when the 
pen was divided into thirds and fourths will be presented descriptively. 
 
Results 
Nursery pen image capturing device  
Device position: The device was placed in the alleyway at the midpoint of the 
front pen gate. This placement was chosen because there were no feeder obstructions 
and the image captured the entire nursery pen. Height of the device: The goal was to 
construct a device with the shortest height to capture the entire nursery pen that was easy 
to move from pen to pen and the resulting digital image would not be distorted. After 
learning from the previous study (Chapter 4), it was concluded that the tallest height 
possible (limited to the ceiling height of 2.6 m) was constructed. This resulted in a 2.3 m 
height for the digital image capturing device (3 cm left to aid in moving the device from 
pen to pen). Tripod head angle: After taking mutiple pictures with the tripod head 
ranging from 0 to 60 degrees, a final angle of 60 degrees relative to the vertical PVC pipe 
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was determined. After the tripod head angle was finalized, a series of digial timages over 
the nursery pen determined a final 30 degree vertical camera angle relative to the 
horizontal tripod head. These device heights and angles produced a digital picture that 
allowed all the nursery pen (and pigs) to be captured, without distortion. 
Behavior in a nursery pen  
 There were no (P > 0.10) differences in pigs classified as “touch” comparing live 
human observation and digital image evaluation. More pigs were classified as “look” and 
less were classified as “not” using digital image evaluation compared to live human 
observation (P < 0.0001; Table 5.2). A total of 47.3% of pigs in a pen were either 
classified as “touch” or “look” when using digital image evaluation and 52.7% were 
classified as “not.”Of delineated “not” classified pigs, the majority were standing, followed 
by sitting, with 2.5% piling (Table 5.3). 
 
Snout and tail base proximity 
Both snout and tail base proximities for “touch” pigs were closer (P < 0.0001) to the 
observer’s index finger than for pigs classified as “look” and “not” (Table 5.4). Room was 
not different (P = 0.26) for snout proximity (room 1 56.1 ± 1.1 cm; room 2 57.8 ± 1.2 cm) 
but was different (P < 0.0007) for tail base proximity. Pig tail bases were closer to the 
observer’s index finger in room 1 (87.8 ± 1.0 cm) compared to room 2 (92.7 ± 1.1 cm).  
When counting the number of snout and tail base anatomical locations, the author 
was unable to measure the proximity between the observer’s index finger and 35.2 % of 
tail bases (639 total pig data values or 7.8 pigs) and 58.7% of snouts (1066 total pig data 
values or 13.1 pigs) using digital image evaluation. The majority of unobservable 
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anatomical locations were in the “not” category for snout (45.0%). This was compared to 
9.6% of snout proximities for “touch” and 4.1% for “look.” Tail base anatomical locations 
followed a similar pattern with pigs in the “not” category having the most unobservable 
anatomical locations (22.0%), followed by “look” (10.4%) and “touch” (2.8%). 
Location of nursery pigs in relation to a human observer  
Fewer pigs were in the section closest to the observer when the pen was divided 
into fourths (2.7 %; Figure 5.4) and thirds (6.4%; Figure 5.5). Regardless of how pens 
were sectioned, more pigs/pen were located in the furthest section away from the human 
observer (41.8%; Figure 5.4 and 52.9%; Figure 5.5). 
 
Discussion 
The first U.S. on-farm swine welfare assessment program was released in 2003 by 
the National Pork Board. The Swine Welfare Assurance Program™ (SWAP™ publication 
no longer available) had 12 Care and Well-Being Principles. Under the Animal 
Observation section (number 3), the animal observation had several components 
including a measure specifically addressing the animal-human interaction test in the 
home pen. In 2007, the National Pork Board merged the Pork Quality Level III and SWAP 
into the Pork Quality Assurance Plus™ (PQA Plus™). In PQA Plus, the animal-human 
interaction test was removed due to concerns with the tests objectivity, repeatability, and 
meaningfulness (personal communication with A. Johnson). 
Numerous papers have published results of animal-human interaction tests but it is 
difficult to compare and contrast the findings due to different enclosure sizes used (Moore 
et al., 1994), varying time latencies for animals to make contact (Hemsworth et al., 1996), 
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and the observer’s posture (i.e. sitting versus standing; Miura et al., 1996). de Passillé 
and Rushen (2005) noted that although these issues may seem relatively minor, it is 
unclear how these extraneous variables affect the measures collected. To date, there has 
been limited work applying animal-human interaction concepts into a valid on-farm 
welfare assessment test in the U.S. Furthermore, controlling such factors on-farm might 
be challenging, making a standardized test difficult to develop. 
Even with these concerns, the inclusion for on-farm welfare assessment programs 
to include animal-based, as opposed to resource-based measures only continues. For 
example, the recent Welfare Quality project has aimed to develop reliable, standardized 
on-farm welfare assessment protocols using predominately animal-based measures of 
behavior, health, physiology, and performance for different farm species, including pigs 
(Scott et al., 2009). One such animal-based measure has been the animal-human 
relationship, in particular assessing fear (Hemsworth and Barnett, 1991). In the presence 
of humans, farm animals can display behavior that has been frequently labeled as “fear” 
or “fear responses.” Such behaviors include avoidance of the human such as 
withdrawing, piling, or escaping (Andersen et al., 2006; Hemsworth et al., 1989; Scott et 
al., 2009). The underlying assumption of proximity is that the most fearful animals will 
keep the greatest distance from humans. However, this conclusion maybe too simplistic 
as an animal’s “willingness to approach” and touch or avoid a human may not be solely 
reflective of their fear of humans (Mülleder et al., 2003; Scott et al., 2009). Animals have 
competing motivational behavioral systems that include curiosity (Murphey et al., 1981), 
feeding (Lensink et al., 2000) and exploration of the environment (Marchant et al., 1997). 
This makes “fear”, “avoidance”, and “approach” concepts challenging due to the complex 
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motivational system interplay. Therefore, the need for on-farm tests to measure the same 
underlying animal motivations is critical when comparing behavioral results for animal-
human interactions over varying assessment programs. 
 
Nursery pen image capturing device 
 The first objective of this study was to build a digital image capturing device to record 
pig behaviors and postures in their home pen. The main focus was to identify the device 
height. After viewing and analyzing images from the previous study (Chapter 4), it was 
concluded that the digital image obtained must capture the entire nursery pen with an 
additional 2 cm outside of the nursery pen perimeter, so that all the pigs in a pen could be 
seen. From the previous work, 73% of pigs’ snout and tail base anatomical locations 
could be measured. By increasing the size of the digital image, more anatomical locations 
were observable (79%). The specifications of a future image capturing device could 
include a central pole that is designed to be raised and lowered for different sized pens. 
 
Behavior in a nursery pen  
The second objective of this study was to compare ‘touch”, “look”, and “not” for 
nursery aged pigs using two methodologies; live human observation and digital image 
evaluation. There are numerous methods and measures that can be used to assess the 
animal-human interaction. Methods using withdrawal and avoidance behavior to 
characterize fear are (1) response of the animals to approaching hand contact 
(Hemsworth et al., 1981) and (2) response of free moving animals to a stationary 
observer in an open field test (Hemsworth et al., 1986; Rousing et al., 2005). Measures 
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can be roughly classified into two categories; (1) the proximity measured between the 
animal and the human (distance measures) or (2) those that assess the animal’s 
response (handling measures; de Passillé and Rushen, 2005). 
Recently three studies attempted to validate the animal-human interaction test. 
Lensink et al. (2003) measured calves responses to humans. The authors concluded that 
the scores obtained in the approach and touch phase were strongly related to the calves’ 
response to a person in an area and this approach test could be considered repeatable 
and reliable. Graml et al. (2008) validated three tests for non-caged hens. All tests 
measured the reactions of hens towards a stationary person, a moving person 
approaching the hens, and a stationary person trying to touch individual hens. The 
authors concluded that the tests all effectively measured the human-hen relationship and 
that the hens’ reactions to humans could be actively influenced by the quality of the 
human contact in non-caged systems. Scott et al. (2009) wanted to determine which 
human-animal test was more sensitive, reliable, and practical to be included in an on-farm 
welfare assessment scheme for sows. The authors concluded that either the animals 
approaching the human hand or animals approaching the human in their home pen 
provided the practical and repeatable values needed. 
In this study the approach/touch to hand method was used, similar to what was 
described by Scott et al. (2009). Furthermore three behavioral classifications “touch”, 
“look”, and “not” were favored over previous “willing to approach” or WTA terminologies 
used by Fangman and colleagues (2010). Although the WTA terminology reports a more 
positive animal-human relationship, the term “willing” is an affective state and in turn may 
be criticized. In this study, more pigs were classified as “look” and less as “not” using 
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digital image evaluation. Several ideas might explain why the difference between 
methods was noted. The time spent counting pigs differed, with the observer spending 
~45-s in each pen conducting the live human observation method compared to a digital 
image that can be analyzed infinitely. For this study the researcher spent ~5-min looking 
at each digital image to count and classify pigs. A second consideration might have been 
due to the procedure involved in taking the digital image. At the end of the 15-s 
acclimation period the observer looked behind to ensure the sensor light on the digital 
camera deployed and captured the digital image, then looked back to the pigs and 
recorded the live observation counts. The combination of the time it took turn and look at 
the digital camera, the action of the observer moving her head, with the potential of a 
slight movement of the outstretched hand could have affected the pigs’ approach/interest. 
In order to simplify this method further and make it more practical on-farm, combining the 
current three behavioral categories into two; “approach” (summation of “touch” and “look”) 
and “not” while making sure the live and digital methods are done simultaneously (instead 
of consecutively) may improve the pig counts for “touch”, “look”, and “not” classification 
categories. This should be considered in further refinement for this animal-human 
interaction test. 
The third objective of this study was to determine behaviors and postures of pigs 
when classified in the “not” category using digital image evaluation. An average of 10.5 
pigs/pen were classified as “touch” or “look” (47%) and an average of 12.2 pigs/pen were 
classified as “not” (52.7%). If this animal-human interaction test was to be used practically 
for assessing and/or auditing nursery pig welfare, it would be encouraged that pigs 
classified as “not” are further delineated into discrete behaviors and postures due to 
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previously mentioned time constraints. Determining what these pigs are engaged in would 
provide a “snap shot in time” for producers, veterinarians, and/or assessors on the pigs’ 
overall comfort level. It could be erroneous to conclude that all pigs classified as “not” are 
fearful of the human in their home pen and therefore in a compromised state of welfare. 
As a caveat, classifying these “not” pigs is time consuming and the digital image 
evaluation methodology would likely not be accepted as an industry on-farm assessment 
program. Therefore, if “negative” behavior(s), which have been identified scientifically i.e. 
attack (“fight”), pile/ escape/avoidance (“flight”) (Forkman et al., 2007; Graml et al., 2008; 
Hemsworth et al., 1996) were counted instead of behaviors and postures from 
motivational systems considered to not be negative, only a few pigs in a pen would likely 
need to be counted and the remainder would be counted as “acceptable” or “not fearful.” 
An additional reaction that animals can engage in when fearful is a “freeze” response. 
With the current methodologies of this study, such animals are classified in the stand 
category as it was not possible to delineate a standing versus a freezing animal. If the 
assessor/auditor wished to determine this “not” category of pig behavior then a different 
methodology would need to be considered. For example, taking digital images in rapid 
succession for a defined period of time and determining if it is possible to categorize a pig 
standing and relaxed versus standing and freezing. However, using these methods and 
definitions of behaviors and postures, these results are in agreement with previous work 
(Chapter 4) with 97.5% of pigs classified as “not” were engaged in behaviors and 
postures considered not fearful of the human in their pen. 
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Snout and tail base proximity 
The fourth objective was to quantify the closest pig proximity to the observer in the 
digital image at the conclusion of the human-animal interaction test. For all behavioral 
categories the pig snout was closer to the human observer than the respective tail base. 
Snout and tail bases were closer to the observer in the following order “touch” > “look” > 
“not.” This might seem like an intuitive result, that pigs faced the human. However if pigs 
were fearful, they could be facing away from the observer, resulting in the tail base being 
the closest anatomical location across behavioral categories. Pigs use their snout 
extensively (Kittawornrat et al., 2010) to search for food, detect potential predators, and 
mark territory. This extensive snout use may help to explain why 45% of pigs classified as 
“not” had more unobservable snout anatomical locations compared to “touch” and “look” 
classified pigs. Pigs classified in the “not” category were engaging in different behaviors 
(i.e. head in feeder) resulting in their snout being obstructed. These findings are in 
agreement with previous work (Chapter 4) when pigs classified as “touch”, “look”, and 
“not” were collected in smaller nursery pens. If an on-farm welfare assessment program 
wanted to include an animal-human interaction test with precise proximity measures, the 
tail base had fewer unobserved data values and would be favored over the snout, 
However, caution should be noted that both snout and tail base measurements were not 
accurate with 1066 snouts and 639 tail bases out of 1793 total were unobservable. In 
contrast, all pigs in a pen could be allocated to a “touch”, “look”, or “not” category. Finally, 
to measure all snout and tail base anatomical locations with ~22 pigs/pen took ~10 
min/pen. Until a computer program is designed that could automatically recognize, find, 
and measure anatomical locations on the pig to further calculate the proximity between 
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the animal and human, the proximity measure between animal and human is not a 
practical recommendation. 
 
Location of nursery pigs in relation to a human observer  
The fifth objective was to determine individual pig location in the nursery pen when 
the pen had been arbitrarily divided into sections. An initial attempt was made to 
determine the pig location from the observer’s index finger by sorting the snout and tail 
base proximity measures with if/then statements in a spreadsheet. These measurements 
were used to determine which way a pig was facing the human observer. Three 
categories were created: (1) “towards” which included pigs with positive values 2) 
“neutral” which included pigs with values of zero and (3) “away” which included pigs with 
negative values. This exercise was completed to try and attach numerical values to the 
location of pigs in the pen alongside digital image evaluation. The objective of this method 
was to provide additional demographics on how many total pigs were facing away from 
the observer in attempts to escape/avoid. However, due to numerous unobservable snout 
and tail base anatomical locations as previously described, this method was discarded. 
In this study, regardless of the arbitrary pen divisions, the majority of pigs were 
located in the furthest section from the live human observer. These findings are in 
agreement with Vandenheede et al. (1998) who conducted fear tests with sheep. The 
results showed that fear behavior was positively correlated with sheep being in sections 
farther from the human. In the current study, the observer noted sectioning the nursery 
pen into fourths provided better pig location accuracy from the observer. When the pen 
was sectioned into thirds, a total of 15 pigs could not be clearly allocated to a section 
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compared to only 4 pigs when the pen was sectioned into fourths. The pigs that could not 
clearly be allocated were on the borderline (one and a half ears over or on the section 
line) of the section definition parameters (both ears over the section line). 
Conclusion 
In conclusion, when conducting the animal-human interaction test, different 
measures can be used to ascertain the human effect on the pig. The digital image allows 
for more information to be collected, for example exact pig proximity to the human, 
location, and/or behaviors and postures. Therefore, when deciding upon which 
methodology (live human observation and digital image evaluation) to use for an animal-
human interaction test, the decision will likely be based on it being practical, repeatable, 
meaningful, and fast. 
 
Implications 
 Live human observation methodology of classifying nursery pig behavior took the 
least amount of time to collect and analyze.  
 The digital image allows for more animal-human interaction measures to be 
collected ( i.e. behaviors and postures, proximity, and location). However, it is 
more time consuming to complete. 
 It is encouraged that after the animal-interaction test has concluded, pigs classified 
in the “not” category are further delineated into postures and behaviors. This will 
alleviate an incorrect conclusion that pigs not classified in the “touch” or “look” 
categories are fearful or experiencing a compromised state of welfare. 
 
106 
 
Acknowledgements 
This work was supported by Boehringer Ingelheim Vetmedica. The authors thank for 
animal care and husbandry Denny Kennebeck.
107 
 
Literature Cited 
Andersen IL, Berg S, Bøe KE, Edwards SA. Positive handling in late pregnancy and the 
consequences for maternal behaviour and production in sows. Appl. Anim. Behav. 
Sci. 2006;99:64-96.  
de Passillé AM, Rushen J. Can we measure human-animal interactions in on-farm animal 
welfare assessment? Some unresolved issues. Appl. Anim. Behav. Sci. 
2005;92:193-209. 
Edwards SA. Experimental welfare assessment and on-farm application. Anim. Welf. 
2007;16:111-115.  
Fangman TJ, Johnson AK, Okones J, Edler RA. Willingness to approach behavior of 
weaned pigs following injection with Mycoplasma hyopneumoniae. J. Swine Health 
Prod.2010;19:19-25. 
Forkman B, Boissy A, Meunier-Salaün MC, Canali E, Jones RB. A critical review of fear 
tests used on cattle, pigs, sheep, poultry and horses. Phys. and Behav. 
2007;92:340-374.  
Graml, C, Waiblinger S, Niebuhr K. Validation of tests for on-farm assessment of the hen-
human relationship in non-caged systems. Appl. Anim. Behav. Sci. 2008;111:301-
310.  
Grandin T. Livestock handling and transport. 3rd rev. ed. CAB International, Wallingford, 
United Kingdom;2007. 
Gray JA. The Psychology of Fear and Stress, 2nd ed. Cambridge University Press, 
Cambridge, United Kingdom;1987. 
108 
 
Hemsworth PH, Barnett JL, Coleman GJ, Hansen C. A study of the relationship between 
the attitudinal and behavioural profiles of stockpersons and the level of fear of 
human and reproductive performance of commercial pigs. Appl. Anim. Behav. Sci. 
1989;23:301-314.  
Hemsworth PH, Barnett JL. The effects of aversively handling pigs either individually or in 
groups, on their behaviour, growth and corticosteroids. Appl. Anim. Behav. Sci. 
1991;30:61-72.  
Hemsworth PH, Barnett JL. The effects of early contact with humans on the subsequent 
level of fear of humans in pigs. Appl. Anim. Behav. Sci. 1992;35:83-90. 
Hemsworth PH, Price EO, Borgwardt R. Behavioral responses of domestic pigs and cattle 
to humans and novel stimuli. Appl. Anim. Behav. Sci. 1996;50:43-56. 
Hemsworth PH, Barnett JL, Coleman GJ. The integration of human-animal relations into 
animal welfare monitoring schemes. Anim. Welf. 2009;18:335-345. 
Hurnik JF, Webster AB, Siegel, PB. Dictionary of farm animal behavior. 2nd ed. Iowa State 
University Press, Ames, IA;1995. 
Johnson AK. Setting the farm animal welfare scene in North America. Bio. Eng. 
2008;2:057-069. 
Johnson AK. ASAS centennial paper: farm animal welfare science in the United States. J. 
Anim. Sci. 2009;87:2175-2179. 
Kittawornrat A, Zimmerman JJ. Toward a better understanding of pig behavior and pig 
welfare. Animal Health and Research Reviews. 2010;10:1-8.  
109 
 
Lensink BJ, van Reenen CG, Engel B, Rodenburg TB, Veissier I. Repeatability and 
reliability of an approach test to determine calves’ responsiveness to humans: ‘a 
brief report.” Appl. Anim. Behav. Sci. 2003;83:325-330.  
Lensink BJ, Boivin X, Pradel P, Le Nindre P, Veissier I. Reducing veal calves’ reactivity to 
people by providing additional human contact. J. Anim. Sci. 2000;78: 1213-1218. 
Marchant J, Burfoot A, Corning S, Broom DM. The “human-approach test’ – a test of 
fearfulness of investigatory behaviour? In: Hemsworth PH, Spinka M, Costal L 
(Eds.), Proceedings of the 31st International Society of Applied Ethology, Prague, 
1997;p. 182.  
Miura A, Tanida H, Tanaka T, and Yoshimoto T. The influence of human posture and 
movement on the approach and escape behaviour of weanling pigs. Appl. Anim. 
Behav. Sci. 1996;49: 247-256.  
Moberg GP, Mench JA. The biology of animal stress: basic principles and implications for 
farm animal welfare. CAB International, Wallingford;2000. 
Moore AS, Gonyou HW, Stookey JM, McLaren DG. Effect of group composition and pen 
size on behavior, productivity and immune response of growing pigs. Appl. Anim. 
Behav. Sci. 1994;40:13-30. 
Mormède P, Dantzer R, Bluthe RM, Caritez JC. Differences in adaptive abilities of three 
breeds of Chinese pigs. Behavioral and neuroendocrine studies. Genet. sel. evol. 
1984;16:85-102. 
Mülleder C, Troxler J, Waiblinger S. Methodological aspects for the assessment of social 
behaviour and avoidance distance on dairy farms. Anim. Welf. 2003;12:579-584.  
110 
 
Murphey RM, Moura-Duarte FA, Torres-Penedo MC. Responses of cattle to humans in 
open spaces: breed comparisons and approach-avoidance relationships. Behav. 
Genet. 1981;11:37-48.  
NPB. National Pork Board. Pork Quality Assurance Plus.2007. www.pork.org. Accessed 
April 20, 2011. 
NRC. National Research Council. Nutrient Requirements of Swine. 10th ed. National 
Academy Press, Washington, DC; 1998. 
Rousing T, Ibsen B, Sørensen JT. A note on: on-farm testing of the behavioural response 
of group-housed calves towards human: test-retest and inter-observer reliability 
and effect of familiarity of test person. Appl. Anim. Behav. Sci. 2005;94:237-243.  
Rushen J, Taylor AA, de Passillé AM. Domestic animals’ fear of humans and its effect on 
their welfare. Appl. Anim. Behav. Sci. 1999;65:285-303. 
Samarakone TS, Gonyou HW. Domestic pigs alter their social strategy in response to 
social group size. Appl. Anim. Behav. Sci. 2009;121:8-15. 
Scott K, Laws DM, Courboulay V, Meunier-Salaün MC, Edwards S. Comparison of 
methods to assess fear of humans in sows. Appl. Anim. Behav. Sci. 2009;118:36-
41.  
Spoolder HAM, Burbidge JA, Lawrence AB, Simmins PH, Edwards, SA. Individual 
behavioral differences in pigs: intra- and inter-test consistency. Appl, Anim. Behav. 
Sci. 1996;49:185-198. 
Vandendeede, M, Bouissou, MF, Picard M. Interpretation of behavioral reactions of sheep 
towards fear-eliciting situations. Appl. Anim. Behav. Sci. 1998;58:293-310. 
111 
 
Windschruner I, Boivin X, Waiblinger S. Reliability of an avoidance distance test for the 
assessment of animals’ responsiveness to humans and a preliminary investigation 
of its association with farmers’ attitudes on bull fattening farms. Appl. Anim. Behav. 
Sci.2009;117:111-127.
112 
 
Table 5.1. Description of pig postures and behaviors at the conclusion the animal-human 
interaction test at 15-s from the live human observation and digital image evaluation. 
Ethogram adapted from Hurnik et al. (1995). 
Measure  Definition 
Classification at 15-s for live human observation and digital image evaluation 
Touch  Any part of the pigs’ body touching the human observer 
Look  Eye contact (both eyes) with the observer  
Not  Pigs not exhibiting the above two behavioral classifications. 
Further classification of “Not” pigs using digital image evaluation 
Postures 
Stand 
Sit 
Pile  
  
Upright position with all four feet on the floor 
Back legs relaxed with body resting on the floor with 
buttocks or thighs 
Two or more feet off of floor with body erected atop a pen 
mate  
Lie  All legs relaxed with underside in contact with the floor 
Behaviors   
Head in feeder 
Mouth around drinker 
 Head down in feeder  
Mouth on nipple of drinker 
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Table 5.2. Nursery pig behavior (“touch”, “look”, and “not”) means (±SE) from live human 
observation and digital image evaluation when housed in commercial pens.* 
 Methodology#  
Measure Live Digital P-value 
No. pens 79 79 . 
Touch, No. pigs/pen† 
Touch, % pigs/pen 
1.8 ± 0.6 
8.4 ± 3.1 
2.1 ± 0.7 
10.0 ± 3.1 
0.11 
0.15 
Look, No. pigs/pen 
Look, % pigs/pen 
6.3 ± 0.3 
27.9 ± 1.5 
8.3 ± 0.4 
36.5 ± 1.5 
0.0001 
0.0001 
Not, No. pigs/pen  
Not, % pigs/pen 
14.5 ± 0.9 
63.4 ± 2.6 
12.1 ± 0.8 
53.5 ± 2.6 
0.0001 
0.0001 
* Commercial pens defined as measuring 1.8 m width x 3 m length. 
# Live was defined as the pig classification counts taken by the observer in real-time; 
Digital was defined as the pig classification counts taken from the digital image captured 
at the time of live observation. 
† Touch was defined as any part of the pigs’ body touching the human observer ; Look was 
defined as eye contact (both eyes) with the observer; Not was defined as pigs not 
exhibiting the above two behavioral classifications. 
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Table 5.3. Average number and percentages of pigs/pen when classified as “not” using 
digital image evaluation when housed in commercial pens.* 
Measures Avg. No. Pigs/Pen Avg. Percent/Pen 
Postures#   
Stand 9.4 77.7 
Sit 1.2 9.9 
Pile 0.3 2.5 
Lie 0.6 5.0 
Behaviors   
Head in feeder 0.5 4.1 
Mouth around drinker  0.1 0.8 
Ave. Total Pigs 12.1 100 
* Commercial pens defined as measuring 1.8 m width x 3 m length. 
# Stand defined as an upright position with all four feet on the floor; Sit defined as back 
legs relaxed with body resting on the floor with buttocks or thighs; Pile defined as two or 
more feet off of floor with body erected atop a pen mate; Lie defined as all legs relaxed 
with underside in contact with the floor; Head in feeder defined as head down in feeder; 
Mouth around drinker defined as mouth on nipple of drinker.
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Table 5.4. Nursery pig snout and tail base proximities from the human observer’s index 
finger within the behavioral categories (“touch”, “look”, and “not”) using digital image 
evaluation when housed in commercial pens.* 
 Behavior Classification#  
 Touch Look Not P-value 
No. pens 79 79 79 . 
Anatomical location†     
Snout 13.6 ± 2.1a 61.0 ± 1.1b 96.3 ± 1.2c <0.0001 
Tail base 71.4 ± 1.8a 95.9 ± 1.0b 103.4 ± 0.9c <0.0001 
* Commercial pens defined as measuring 1.8 m width x 3 m length. 
# Touch was defined as any part of the pigs’ body touching the human observer ; Look 
was defined as eye contact (both eyes) with the observer; Not was defined as pigs not 
exhibiting the above two behavioral classifications. 
† Snout was defined as the midpoint of the superior nose and tail base was defined as the 
point of the pig’s superior rear where the tail began. The proximity from anatomical 
locations on the pig to the human observer’s index finger of their outstretched hand was 
measured using digital image evaluation (using the ruler tool of Adobe Photoshop CS5, 
Adobe Systems, Inc., San Jose, California). A standardized setting was determined using 
a ratio of the feeder length and the feeder pixel length in the digital image (556 pixels = 
55.9 cm). 
abc Indicate a P-value difference of ≤ 0.05 considered to be significant across each row.
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Figure 5.1. Schematic of the nursery pen image capturing device used to capture the 
digital image that was compared to the live human observation method. 
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Figure 5.2. Nursery pen image capturing device and human observer location within the 
small nursery pen during the live human observation method. 
 
*Indicates observer placement of feet. Both feet were on either side of the midpoint of the 
pen gate.
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Figure 5.3. Schematic of the nursery room illustrating the “side to side” sampling fashion 
for entrance, scanning and recording (Fangman et al.,2010) during the live human 
observation method. 
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Figure 5.4. Percent of nursery pigs located within a nursery pen section when divided into 
fourths.* 
* The length of the nursery pen was measured with the Adobe Photoshop ruler tool from 
the pen gate located directly behind the midpoint of the observer’s back (defined as the 
dorsal medial point) to the opposite end of the pen. The total length of the pen was 220 
cm. A transparency was taped to the computer monitor. To create four equal sized areas 
within a pen the pen was divided into 0 to 55 cm, 56 to 110 cm, 111 to 165 cm, and 166 
to 220 cm. Pigs were counted within the section lines. A pig was considered in a section if 
both eyes and at least one complete ear were in front of the line.  
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Figure 5.5. Percent of nursery pigs located within a nursery pen section when divided into 
thirds.* 
 
* The length of the nursery pen was measured with the Adobe Photoshop ruler tool from 
the pen gate located directly behind the midpoint of the observer’s back (defined as the 
dorsal medial point) to the opposite end of the pen. The total length of the pen was 220 
cm. A transparency was taped to the computer monitor. To create three equal sized areas 
within a pen the pen was divided into 0 to 73.3 cm, 73.4 to 147.7 cm, and 147.8 to 220 
cm respectively. Pigs were then counted within the section lines. A pig was considered in 
a section if both eyes and at least one complete ear were in front of the line.  
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Abstract: The objectives of this study were to compare two methodologies and three 
injection treatments on pig postures, behaviors, and proximity from an observer pre- and 
post-injection. A total of 149 pens housing ~6-wk (BW 11.3 ± 3.2 kg), mixed sex 
commercial crossbred pigs averaging ~19 pigs/pen (0.3 m2/pig) were used. The 
experimental unit was the pen and all treatments were assigned within rooms. Two 
methodologies (live human observation and digital image evaluation; n = 149) and three 
injection treatments: TRT One; CircoFLEX/MycoFLEX (CF/MF; n = 48), TRT Two; 
Circumvent-PCVM (CV-PCVM; n = 51), and TRT Three Saline control (n = 50) were 
compared. Pigs were classified into four categories (1)”touch” (2) “look” (3) “not” and (4) 
“approach” (summation of “touch” and “look”). Pigs classified in the “not” category were 
delineated into four postures (stand, sit, pile, and lie) and two behaviors (head in feeder 
and mouth around drinker). Data used to evaluate nursery pig postures behaviors were 
analyzed using PROC GLIMMIX and pig proximity was analyzed using the PROC MIXED 
of SAS. There were no differences between methodologies pre- or post-injection. No pre-
injection differences were observed across all treatments. Post-injection the CV-PCVM 
treatment resulted in fewer (P <0.0009) pigs classified in the “touch” category compared 
to CF/MF and saline treatments. Also, the saline injection resulted in more (P <0.0002) 
pigs classified in the “look” category and fewer (P < 0.0001) pigs classified in the “not” 
category compared to CF/MF and CV-PCVM injected pigs. The CV-PCVM injection 
resulted in fewer (P < 0.0001) pigs classified in the “approach” category and more (P < 
0.0001) pigs classified in the “not” category. Fewer (P < 0.05) pigs from the CV-PCVM 
treatment were classified in the standing category but more (P < 0.0001) pigs classified in 
the sitting and lying categories compared to CF/MF and saline treatments. CF/MF pig tail 
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base proximities were closer (P < 0.008) in the “look” category compared to CV-PCVM 
and saline treatments post-injection. Snout proximities of pigs classified in the “look” 
category were farther (P < 0.05) from the human observer in the CV-PCVM compared to 
CF/MF and saline treated pigs post-injection. The treatment effects yielded more negative 
or lethargic behaviors in the CV-PCVM group compared to CF/MF and saline. Future 
work should focus on determining the behavioral effects from each portion of the 
vaccination process. 
 
Keywords: Animal-human interaction, Behavior, Method, Swine, Vaccination 
 
Introduction 
 In the U.S., pigs are commonly vaccinated for circovirus, Mycoplasma 
hyopneumoniae (M hyo), Erysipelothrix rhusiopathiae (erysipelas), Salmonella serovars, 
and Lawsonia intracellularis (ileitis) during the nursery production phase. Of these 
vaccinations, circovirus, M hyo, and erysipelas are typically administered using 
intramuscular injection (IM). Anecdotal observations have indicated pigs exhibit lethargic 
behaviors approximately 6-h after IM injection with some vaccines (Fangman et al., 2010; 
Johnson et al., 2011). This behavioral change has been referred to by swine producers 
and practitioners as the “buzz” response. During this transient period, pigs seem to 
become more reluctant to approach the caretaker compared to their interest in 
approaching the caretaker pre-injection. These behavioral alterations or “sickness 
behaviors” may be a result of immune system stimulation as a response to vaccination. 
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Millman (2007) noted that pigs’ sickness status could include negative affective states of 
pain, depression, and lethargy. 
When an animal is placed into a situation that is perceives as being threatening it 
can react internally via physiological changes (Gray, 1987; Moberg and Mench, 2000) 
and can be measured externally using changes in their behavior. Animals can react in 
one of three ways, “fight”, “flight”, or “freeze.” Some common husbandry practices may be 
perceived as “aversive” by the pig, such as hoof care, transport, and vaccination (Rushen 
et al., 1999). Animal-human interaction tests have been used to determine the relative 
aversiveness for a procedure or situation (Mormède et al.; 1984; Grandin, 2007; 
Hemsworth et al., 1996; Rushen et al., 1999). Fangman et al. (2010) coined the term 
“willingness to approach” or WTA (defined as the sum of pigs approaching defined as pig 
to human contact and looking defined as the pig facing the observer in a semi-circle) as a 
positive alternative to “fear”, “avoidance”, or “aversion” using a live human observer to 
count and classify pigs. Although this study demonstrated that the WTA methodology was 
a sensitive tool that assessed nursery pig reactivity to vaccine injections, Fangman and 
colleagues (2010) questioned the live human observation behavior assessment accuracy. 
If digital technologies could capture pig behavior at a given time point, behavioral 
classification and precise proximity from the human observer may provide a more 
objective and repeatable assessment when determining the impact that the vaccination 
procedure has on pig behavior. Therefore, the objectives of this study were to compare 
behaviors, postures, and proximity from the human observer’s index finger for nursery 
aged pigs using live human observation and digital image evaluation methodologies pre- 
and post-injection. 
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Materials and Methods 
Animal care and husbandry protocols for this experiment were overseen by the 
company veterinarian and farm manager. These protocols were based on the U.S. swine 
industry guidelines presented in the Swine Care Handbook (NPB, 2007) and the Pork 
Quality Assurance Plus™ (2010). In addition, all procedures were approved by the Iowa 
State University IACUC committee. 
 
Animals and location 
A total of 149 pens housing ~19 pigs/pen (0.3 m2/pig) were housed in four rooms 
within 2 barns (2 rooms in each barn). The pigs were ~6-wk old barrows and gilts from a 
commercial crossbred genetic line (PIC genetics, Midwest Farms, Burlington, Colorado). 
The experiment was conducted on 10 and 11 November 2011 at a commercial nursery 
site located near St. Joseph, Missouri. 
 
Diets, housing and husbandry 
Nursery rooms were 34.1 m width x 18.3 m length and ceiling height was 2.1 m. 
Pens measured 1.8 m width x 3 m length with steel dividers (81.3 cm height) between 
pens and one front steel gate at the front each nursery pen that measured 81.3 cm 
height. Pens were situated with 10 pens on the right, 10 on the left and 20 in the center 
separated by two alleyways (91.4 cm wide; Figure 6.1). Feeders were located on the right 
or left side of the pen, depending on pen location and were 66 cm from the front gate. The 
stainless steel feeders had five holes and were rectangular shaped (15.2 cm width x 91.4 
cm length x 61 cm height) with a 45 kg feed capacity (Automated Production Systems, 
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Assumption, Illinois). Pigs were provided ad-libitum access to a pelleted diet (1549 kcal 
per kg metabolizable energy and 22% crude protein) formulated to meet nutrient 
requirements (NRC, 1998). Each pen contained one stainless steel nipple drinker (Drik-O-
Mat, Egebjerg, Denmark) that was positioned between pens and opposite the feeder 
(Figure 6.1). Wire flooring (7.9 mm gauge slats) was utilized in all pens. Fifteen 
incandescent lights were turned on at 0800 for daily chores and then were turned off 
around 2300. Rooms were mechanically ventilated with a curtain system (located on the 
right or left side of the room), two stir fans, 10 inlets, and contained two heaters (Re-
Verber-Ray, Detroit Radiant Products Company, Warren, Michigan). Average room 
temperature was 24°C. Caretakers observed all pigs twice daily. 
 
Measures 
Nursery pen image capturing device  
The nursery pen image capturing device utilized in the present study is similar to 
the one described by Weimer and coworkers (2012) with the following exceptions. First, 
the device location was free-standing across the alleyway from each pen gate where the 
live human assessment was occurred. Second, a 2.5 cm radius PVC connector (Lasco 
Fittings Inc., Brownsville, TN), and a second 40 cm height PVC pipe (Silver-Line Plastics, 
Asheville, North Carolina) was added to the top of the 1.6 m height PVC pipe to create a 
total nursery pen image capturing device height of 2.0 m. Third, the tripod head was 
angled at 47 degrees relative to the vertical PVC pipe. Lastly, the camera was angled at 
50 degrees relative to the horizontal tripod head and was secured into position using 
common duct tape. Before animal-human interaction data was captured, the nursery pen 
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image capturing device was tested using an empty pen to determine that the entire 
nursery pen could be captured with a single image and the images would not be distorted. 
 
Injection methodology 
An entire pen of pigs received one of three injection treatments. Pens were 
assigned a treatment in an alternating fashion across the alleyway. The first injection 
treatment was a killed baculovirus vector, CircoFLEX/MycoFLEX vaccine (CF/MF; 
Boehringer Ingelheim Vetmedica Inc, St Joseph, Missouri). Because this is a single dose 
vaccination, 2 mL of saline was given IM upon arrival to the nursery and was followed 
with a 2 mL dose of CF/MF 14 d after the first injection during the study. The second 
injection treatment was a killed baculovirus vector, Circumvent PCVM vaccine (CV-
PCVM; Merck, Whitehouse Station, New Jersey). A total of 2 mL of CV-PCVM was given 
IM upon arrival to the nursery and a second 2 mL dose was given 14 d after the first 
treatment during the study. In the third injection treatment, pigs received 2 mL of CF/MF 
IM upon arrival at the nursery and 2 mL of saline control (Hyclone Phosphate Buffered 
Saline; Saline). Injections were made into the lateral cervical musculature on the right 
side of the neck using an 18-gauge, 1.6 cm length needle. The same technician 
performed vaccination procedures for all treatments. Pigs were moved by a sort board 
towards the alley end of their home pen. Pigs were not picked up and individually handled 
in an effort to avoid any additional handling-associated stressors on the pigs (Hemsworth 
et al., 1991; Tanida et al., 1995). The technician visually identified and selected a pig 
among the closely confined pigs and inserted the needle into the neck and administered 
the preset dose from a Uni-Matic 2-mL, multi-dose syringe in approximately 1-s per pig 
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(Air-Tite Products Co. Inc., Virginia Beach, Virginia). To avoid injecting the same pig 
twice, a mark was placed between the pig’s scapulas using an animal-safe crayon after 
injection (Raidex Animal Marking Sticks; Thousand Hill Supply, Walworth, New York). The 
animal-human interaction observations were conducted in all treatment groups pre- and 
post-injection. 
 
Animal-human interaction methodology 
The animal-human interaction methodology followed that previously described by 
Weimer and coworkers (2012). Upon entry into the first nursery room the observer and 
the digital image photographer walked down the length of the nursery room to the farthest 
pen on the right side of the alleyway. The observer quietly set the nursery pen image 
capturing device at the midpoint at the front gate of the adjacent pen across the 91.4 cm 
alleyway and quietly stepped over and entered the nursery pen. In conjunction, the 
photographer quietly sat on a bucket behind the observer and leaned back on the front 
pen gate (Figure 6.2). At the conclusion of the 15-s period, the observer signaled to the 
photographer, by leaning back against the front gate, for the photographer to capture a 
digital image using a wireless remote.  
Pig behavior was observed 2-wk post-nursery placement. Behavior was classified 
into one of three categories (1)”touch” (2) “look” and (3) “not.” Subsequent analysis 
developed “approach” by summing the number of “touch” and “look” pigs. Pigs classified 
in the “not” category were further delineated into four mutually exclusive postures (stand, 
sit, pile, and lie) or two behaviors (head in feeder and mouth around drinker) using the 
digital image (Table 6.1). Pig behavior observations were collected 24-h prior to injection 
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to establish pre-injection baseline values and a second time 6-h after injection to establish 
post-injection values. A difference category was calculated by  pre-injection minus post-
injection values for each treatment. 
 
Snout and tail base proximity  
The proximity (cm) from the observer’s index finger to each pig’s snout and tail 
base was measured using the digital images. Snout and tail base anatomical locations 
were chosen because they were thought to be consistently visible when evaluating the 
digital images compared to other anatomical locations such as the pig’s ear or hoof. 
Snout was defined as the midpoint of the superior (upper) snout and tail base was defined 
as the point of the pig’s superior (upper) rear where the tail began. There was a possibility 
to collect 2863 total snout and tail base anatomical data values. The proximities from the 
observer’s index finger to the pigs’ snout and tail base were measured using the ruler tool 
in Adobe Photoshop CS5 (Adobe Systems Inc., San Jose, California). The ruler tool was 
calibrated using a length ratio (6.9) for the nursery feeder (90.4 cm) pixel length of the 
feeder (620 pixels) from a digital image (620 pixels/90.4 cm). After calibration, the 
proximity was measured between the observer’s gloved index finger and the snout and 
tail base for every pig from each pen. If a pig’s snout or tail base was not clearly visible in 
the digital image, the proximity was recorded as an unobservable value in the data set. 
 
Treatments and experimental designs 
 When evaluating methodology, injection treatment, and proximity from the human 
observer; pen was the experimental unit. All treatments were assigned within rooms. 
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When evaluating assessment methodology, pre- and post-injection effects, and “not” 
postures and behaviors, two treatments were compared: TRT One; live human 
observation (n = 149) and TRT Two; digital image evaluation (n = 149). When examining 
injection effects on the pigs’ behavior in their home pen and snout and tail base proximity 
from the observer’s index finger, three treatments were compared: TRT One; CF/MF (n = 
48), TRT Two; CV-PCVM (n = 51), and TRT Three; Saline control (n = 50 pens). The 
authors were blind to injection treatments until the data had been collected and statistical 
models were confirmed as correct by a statistician. 
 
Statistical Analysis 
All data were evaluated for normal distribution before analysis by using the PROC 
UNIVARIATE procedure of SAS (SAS Institute Inc., Cary, North Carolina). The “touch” 
data used to evaluate nursery pig behaviors was not normally distributed; rather a 
Poisson distribution was noted. These data were analyzed by using the PROC GLIMMIX 
procedure of SAS (SAS Institute Inc., Cary North Carolina). The statistical model 
evaluating live human and digital image evaluation methodologies included the fixed 
effect of methodology and random effects of barn and room nested within pen. The model 
used assessing pig behavioral differences included the fixed effects of injection treatment 
(CF/MF, CV-PCVM, and saline) and random effects of injection treatment and room 
nested within pen. The I-Link option was used to transform means and SE values back to 
the original units of measure to better understand and interpret the results from the 
“touch” data. The proximity from the observer’s index finger to the pigs’ anatomical 
location (snout and tail base) data were analyzed using the PROC MIXED procedure of 
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SAS. Fixed effects for room (1, 2, 3, and 4) and injection treatment (CF/MF, CV-PCVM, 
and saline) were included in the statistical model. The proximity from the pig (snout or tail 
base location) to the observer within each behavior category across injection treatments 
was included as a random effect in the model. The PDIFF option in SAS was used to 
determine differences between pig positions. A P ≤ 0.05 value was considered to be 
significant for all behavior, posture, and proximity measures. 
 
Results 
Behavior in a nursery pen: methodology and injection treatments 
 There were no differences comparing live human observation and digital image 
evaluation methodologies when classifying pigs as “touch”, “look”, “not” (Table 6.2) or 
“approach” (“touch” and “look” combined; Table 6.3) behaviors prior to or following 
injection. 
 There were no injection treatment effects within live observation (Tables 6.4, 6.6) 
and digital image evaluation (Tables 6.5, 6.7) methodologies when classifying pigs as 
“touch”, “look”, “not”, or “approach” prior to injection. Treatment effects were observed for 
all behaviors post-injection. Within either assessment methodology, the CV-PCVM 
injection resulted in fewer (P <0.0009) pigs classified in the “touch” category compared to 
CF/MF and saline injected pigs (Tables 6.4, 6.5). When assessing nursery pig behaviors 
using the live observation method, the CV-PCVM injection resulted in fewer (P < 0.007) 
pigs classified in the “look” category and more (P < 0.0001) pigs classified in the “not” 
category compared to CF/MF and saline injected pigs (Table 6.4). 
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When assessing nursery pig behaviors using the digital image evaluation, the 
saline injection resulted in more (P <0.004) pigs classified in the “look” category and 
fewer (P < 0.0001) pigs classified in the “not” category compared to CF/MF and CV-
PCVM injected pigs (Table 6.5). Within either assessment methodology, the CV-PCVM 
injection resulted in fewer (P < 0.0001) pigs classified in the “approach” category when 
and more (P < 0.0001) pigs classified in the “not” category compared to CF/MF and saline 
injected pigs (Tables 6.6, 6.7). 
 There were no injection treatment effect differences for pigs classified in the 
delineated “not” posture and behavior categories prior to injection. The majority (83%) of 
pigs were classified in the standing category (Table 6.8). There were no differences for 
the percentage of pigs classified as piling, head in feeder and mouth around drinker post-
injection across treatments. There were fewer (P < 0.05) pigs in the CV-PCVM injection 
treatment standing, but more pigs sitting and lying categories compared to pigs in the 
CF/MF and saline injection treatments (Table 6.8). 
 
Snout and tail base proximity 
There were no (P > 0.05) differences comparing snout and tail base anatomical 
location proximities from the observer’s index finger within the “touch”, “look”, and “not” 
categories across treatments before injection (Table 6.9). When comparing the proximity 
from the human observer’s index finger to the pig’s snout and tail base, many proximities 
could not be measured because the respective anatomical location was not visible within 
the digital images. A total of 8.4% unobservable tail base anatomical locations (329 total 
unobservable pig data values or 2.2 pigs/pen) and 37.9% unobservable snout anatomical 
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locations (1051 total unobservable pig data values or 7.0 pigs/pen) were not visible in the 
digital image pre-injection. The majority of unobservable pig anatomical locations were in 
the “touch” category for snout (52.6%). This was compared to 47.5% unobservable snout 
anatomical locations from pigs classified as “not” category and 13.6% of pig snout 
anatomical locations classified as “look.” Unobserved tail base anatomical locations 
differed in behavior categories where pigs classified in the “not” category had the most 
unobservable data values (16.1%), followed by pigs classified as “look” (6.8%) and 
“touch” (2.3%), respectively.  
Room was a significant source of variation when evaluating the pigs’ proximity 
from the human observer prior to injection. The mean snout proximity to the human 
observer’s index finger was greater (P < 0.01) in room 2 (107.9 ± 2.4 cm) when compared 
to rooms 1, 3 and 4 (118.8 ± 2.8 cm, 121.4 ± 2.5 cm, and 117.7 ± 2.6 cm, respectively). 
The mean tail base proximity to the human observer’s index finger was greatest in rooms 
1 and 2 (125.4 ± 1.5 cm and 123.2 ± 1.5 cm, respectively) when compared to rooms 3 
and 4 (129.9 ± 1.6 cm and 130.1 ± 1.6 cm, respectively). 
 There were no injection treatment differences for snout or tail base proximities from 
the human observer when evaluating pigs from the “touch” and “not” categories post 
injection. However, the mean tail base proximity from the observer’s index finger for pigs 
in the CF/MF injection treatment was shorter (P < 0.008) in the “look” category compared 
to CV-PCVM and saline injection treatments. The mean snout proximity to the human 
observer’s index finger for pigs classified as “look” was greater (P < 0.05) in the CV-
PCVM injection treatment compared to the CF/MF injection treatment (Table 6.9). 
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 When counting pig snout and tail base anatomical location values in the digital 
images post-injection, 17.7% of tail base locations were unobservable (535 total pig data 
values or 3.6 pigs/pen) compared to 46.4% of pig snouts (1600 total pig data values or 
10.7 pigs/pen). The majority (73.2%) of unobservable pig snout anatomical locations were 
in the “touch” category. This was compared to 54.6% in the “not” and 11.4% in the“look” 
categories. Unobservable tail base anatomical locations did not follow a similar pattern 
with pigs classified in the “look” category having the most unobservable data values 
(24.8%), followed by pigs classified in “not” (24.4%) and “touch” (3.9%) categories. 
 
Discussion 
When discussing vaccination injections, swine veterinarians refer to a cost:benefit 
ratio to the individual pig. Vaccination benefits are only realized in the face of a pathogen 
challenge. Otherwise, the net vaccination impact on the pig is a cost in terms of energy 
diverted to a physiological response to the immunogen, subsequent antibody formation, 
and memory cell development and nourishment. Additional economic costs include the 
vaccine itself, the labor associated with administering the vaccine (which are “out-of-
pocket” expenses incurred by the producer) as well as the costs resulting from reduced 
performance (i.e. average daily gain and feed to gain ratio) due to stress associated with 
handling (Grandin, 1997, 1998, 2006) and the potential for viral transfer with needles 
(Otake et al., 2002). The likelihood for an actual pathogen challenge is difficult to predict 
at the time when vaccination is supposed to occur. U.S. customer and consumer 
preferences play a part in the producer’s vaccination management scheme such as the 
concern with the use of feed antibiotic use in food animals (Fenwick, 2004). There have 
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been few attempts to quantify the physiological costs of vaccination independent of 
challenge. All vaccinated pigs bear the cost, but may not yield the physiological benefit 
that results when the pig is challenged with the pathogen used in the vaccine. Accurate 
physiological costs associated with vaccination in general and specifically with individual 
vaccines are critical to assess the overall cost:benefit of a vaccination program. 
 
Behavior in a nursery pen: methodology comparisons 
Moberg (1987) outlined four major challenges that hamper measuring behavioral 
stress including:1) determining the best (most accurate) stress measure 2) the lack of 
nonspecific response that characterizes all stressors 3) inter-animal biological response 
variability to a stressor and 4) failure to establish which biological responses to behavioral 
stressors have a meaningful impact on an animal’s welfare. The premise of the present 
study is in conjunction with previous work from our group (Chapters 4 and 5; Weimer et 
al., 2012) that reflects the necessity of scientific results to address the above 
problems/confounding factors when evaluating animal-human interaction tests for use in 
standardized on-farm welfare assessments and or third party audits. 
 Grandin and coworkers (1999) wanted to determine injection effects in cattle 
(doramectin 1% injectable solution, ivermectin 1% injectable solution, or saline) in regards 
to the animals’ willingness to re-enter a squeeze chute post-injection. The heifers’ 
willingness to re-enter the chute post-injection was evaluated using a three level scoring 
system that included no reaction, slight movement, or shaking the chute. Heifers injected 
with doramectin 1% exhibited fewer adverse behaviors (P < 0.004) to chute re-entry post-
injection compared to heifers injected with ivermectin 1%. However, there were significant 
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inter-scorer differences when evaluating the heifers’ behavior. The authors concluded that 
digital video cameras were needed to reduce human bias when collecting observational 
behavioral data in cattle and other species. In the present study, there were no 
methodology (live observation and digital image evaluation) differences when assessing 
the behaviors for pigs classified in the “touch”, “look”, “not” and categories. These results 
for comparing methods are in agreement with the findings from Chapter 4. Future studies 
should consider including multiple observers and repeated measures at a data collection 
time point to detect intra–observer differences when collecting subjective behavior scores 
in food producing animals. However, it may be difficult to compare results between single 
versus multiple scorers because of the effects of multiple observers in the same pen of 
pigs. Further, the live human methodology might become less accurate for an ethogram 
that requires a greater number of postures and behaviors to be assessed. However, 
within the parameters of this study, live human observation and digital image evaluation 
methodologies yielded similar results. 
 In Chapters 4 and 5 of this thesis, an observer captured digital images with the 
wireless remote at the end of the 15-s acclimation period in the observed pen. In the 
present study, an observer performed the live behavioral evaluation and at the exact 
moment signaled (when the observer leaned back against the front pen gate) the 
photographer (who sat directly behind the observer so the pigs in the observed pen could 
not see) to capture the digital images in a given pen. Issues outlined in Weimer et al. 
(2012) as to factors contributing to differences in behavioral classification between 
methodologies included the time it took for the observer to look behind ensuring the 
camera sensor light deployed signifying the image had been captured as well as the 
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action of observer movement in the process. These issues could have lead to biased 
digital image evaluation results, including a greater number of pigs classified into the 
“look” and fewer pigs classified in the “not” categories. When compared to the live human 
observation assessment, the two person system used in the present study resolved some 
of the previously described timing challenges when comparing methodologies. Future 
work should consider capturing multiple pictures at different times (0-s, 15-s, 30-s, 45-s, 
60-s and 1 min increments up to 5 min) to determine which time is the best to wait to take 
a digital image for negative and/or positive behaviors. 
 When comparing live human observation and digital image evaluation 
methodologies, capturing pig behavioral data can be completed more quickly with live 
human observation but the digital image evaluation allows for more animal-human 
interaction analysis. The decision for which evaluation method (live human observation 
and digital image evaluation) is used for an on-farm animal-human interaction test, will 
likely be based on (1) it being practical, repeatable, fast, and meaningful and (2) the 
objective(s) for conducting the test. 
 
Behavior in a nursery pen: injection treatment comparisons 
 Sickness behavior symptoms in pigs can typically include lethargy, decreased 
appetite, thirst, and accompanied fever (Hart, 1988). Little published work has been 
conducted on the behavioral changes and in particular approachability resulting from 
injection. Fangman et al. (2009) evaluated weaned pig behavior following injection with 
Ingelvac MycoFLEX and Resipsure-One vaccines. Pig behavior was assessed using the 
willingness to approach test pre- and post-injection. Each pen of pigs served as its own 
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control because pre-injection baseline observations were obtained and compared to post-
injection behavior observations. The authors reported that the pigs’ willingness to 
approach was significantly lower (P < 0.0001) post-injection when compared to pre-
injection baseline values. However, the pigs’ willingness to approach was significantly 
greater (P < 0.0001) when injected with Ingelvac MycoFLEX compared to the Respisure-
One injected pigs (11.4 % vs. 27.1 %). Additionally, the Ingelvac MycoFLEX injection pigs 
consumed more feed at both 24 and 48-h post-injection (P < 0.0001 and P = 0.000,1 
respectively). Bretey et al. (2009) evaluated the comparative safety of CircoFLEX™ alone, 
MycoFLEX™ alone, Ingelvac® CircoFLEX-MycoFLEX™ mixture, Circumvent®/M+Pac® 
mixture, and saline injection as measured by latency to approach observations pre- and 
post-injection. The pigs given the Circumvent/M+PAC ½ (25.3 %) vaccine treatment had 
fewer (P < 0.0001) pigs willing to approach a human observer post-injection compared to 
compared to saline (9.6 %), Ingelvac MycoFLEX (12.3 %), and Ingelvac CircoFLEX (9.5 
%) injection treatments. 
 A series of three studies by Fangman et al. (2010) reported willingness to 
approach behavior recorded using the same methodology presented in the current study. 
The first study compared the pigs’ WTA in response to MycoFLEX and RespiSure-One 
vaccination injection treatments. The pigs’ WTA decreased 11.2% from pre-injection 
baseline values when vaccinated with MycoFLEX whereas the pigs’ WTA decreased by 
26.8% from baseline when vaccinated with RespiSure-One. The second study compared 
MycoFLEX, RespiSure-One, and saline injection treatments. The pigs’ WTA decreased 
more (P < 0.0001) from the RespiSure-One treatment group compared to MycoFLEX and 
saline treatment groups. The third study compared a saline injection and a control (no 
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injection). No differences were observed when comparing the pigs’ WTA from saline and 
non-injected treatments pre- and post-injection. The results from the present study 
comparing live human observation with digital image evaluation pre- and post-injection 
when assessing pig behavior indicate that the data are essentially the same. Moreover, 
the same inferences are drawn regardless of the behavioral assessment methodology 
used. Therefore, validity concerns raised by Fangman et al. (2010) when using the live 
human observation methodology appears unwarranted. 
 Miyashita et al. (2010) reported large differences when comparing pigs’ WTA when 
injected with one of two porcine circovirus type 2 (PCV2) vaccines. Eighty-three percent 
of the pigs willing-to-approach a human observer prior to injection were willing-to-
approach after being vaccinated with CircoFLEX. However, only 27% of pigs willing to 
approach a human observer prior to injection were willing to approach after being 
vaccinated with Porcilis PCV. In the present study, the percent of pigs classified in the 
“not” category increased 17% from pre-injection baseline values when injected with CV-
PCVM, whereas the percentage of pigs classified in the “not” category increased 4% in 
pigs injected with CF/MF and 3% in saline injected pigs compared to pre-injection 
baseline values when assessed using the digital image evaluation. The purpose for 
injecting pigs with a saline control was to develop an inaqueous injection. This treatment 
aids in determining if pigs’ behavioral changes resulted from the handling procedure and 
the injection process alone or because they were handled and vaccinated with actual 
immunogens. In the present study, the behavior of the pigs injected with a saline (control) 
was similar to the CF/MF vaccinated pigs. The findings from the present study are similar 
to results from Bretey and coworkers (2009) as well as those reported by Fangman et al. 
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(2010) where injection with CV-PCVM increased the percentage of pigs in the “not” 
behavior category post-injection (19.3%) followed by the CF/MF injection treatment pigs 
(3.5%). The increase in pigs classified in the “not” category from the saline injection could 
be due to the nursery pigs becoming habituated to the human observer post-injection with 
less aversive effects of the injection procedure. 
 Johnson and coworkers (2011) examined the injection effects with M.hyo on 
nursery pig feeding and drinking behavior when supplemented with a gel based feed. 
Four treatments were used in the study and included no injection and no gel, no injection 
and gel, injection and no gel, and injection and gel. The authors reported that nursery pigs 
were less (P < 0.05) active and spent less (P< 0.05) time at feeding stations 1-h after 
receiving the M.hyo injection. In that study, the pigs displayed decreased appetite and 
therefore a motivational behavior shift from feed to rest occurred (Johnson, 2002). This 
study supports findings from Fangman et al. (2010) in classifying pig behavioral changes 
that result from injection. 
 Future work should repeat the animal-human interaction test up to 24 h post-
injection in order to determine when pigs return to pre-injection baseline values. This will 
also help to determine the length of time pigs exhibit lethargic behavior(s) or “buzz” 
response. Additional work should include injection treatments at different phases of pig 
production and injection/handling procedure effects on pig behavior with a control group 
of pigs not handled as well as a group of pigs handled, but not vaccinated included in the 
current study’s injection treatments. This would more clearly identify the portion of the 
vaccination process (i.e. pig handling, injection, or the immunogen) that adversely 
impacts pig behavior to the greatest degree. 
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Pigs classified in the “not” category postures and behaviors 
 Vaccinations are critical on swine farms to maintain good health and welfare. 
Groups with diseased or injured pigs are more vulnerable and deviate from the normal 
population with unique needs and preferences (Millman, 2007). Behavior expression 
during disease is context dependent, affecting the likelihood of clinical signs being 
expressed in certain social environments (Millman, 2007) including decreased feeding, 
drinking, and grooming behaviors/motivations in response to fever (Hart, 2010; Hart, 
1988; Johnson, 2002). Behavioral disease indicators in pigs can be subtle and are 
evolutionarily viewed as “stoic” (Millman, 2007; Price, 1999) so methods used to measure 
compromised pigs need to be sensitive to their nature. Performing the animal-human 
interaction test pre- and post-injection allows subtle changes in pig behavior to be 
detected. 
 Humans can provide pigs with novel/aversive stimuli that can be learned from 
handling during husbandry practices (Hemsworth et al., 1986) which adds to the injection 
procedure effects. In the present study, there were no pre-injection behavioral differences 
observed which confirms the injection treatments effects. The CV-PCVM injection 
treatment resulted in fewer pigs standing and more sitting and lying. These postures are 
evidence for the “buzz” response (Fangman et al., 2010) as well as the sickness behavior 
defined by Hart (1988) with lethargy behavior as a means to conserve energy to 
overcome the compromised state of health. 
 What behaviors and postures to include in the “not” ethogram would be highly 
dependent on the objectives of the assessment or auditing program. For example, if the 
objective is to measure sickness behavior, the focus would include pigs that are lying (on 
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their own or on other pigs), and or sitting (Hart, 1988; Hart; 2010; Johnson, 2002); if the 
objective is to measure “fear” or withdrawal behavior, the focus would be piling or escape 
behaviors (Andersen et al., 2000; Scott et al., 2009). 
 
Snout and tail base proximity 
 There were minimal differences in the proximity from the human observer’s index 
finger to the pig’s anatomical snout and tail base locations .Pig snout and tail base 
anatomical locations classified in the “look” category from the CF/MF vaccine treatment 
group had the shortest proximity from the human observer post-injection. Pigs classified 
in the “touch” category were closest to the observer, followed by pigs classified in the 
“look” and “not” categories, respectively across all three vaccine treatments. Although 
there was a difference for the proximity from snout and tail base anatomical locations to 
the observer, interpreting these differences by behavior and across treatments is difficult 
and questionably relevant because of the enormous number of unobservable data values. 
The significance of the room effect pre-injection for pigs classified in the “not” category 
may be due to things such as temperature, but likely are a result of unknown biological 
factors. In consideration of a future study, if pigs were individually identified, the same pig 
pre-injection (ex. “look”) changing classification in a different category post-injection 
(“not”) could be detected. Therefore, determining why a pig moves from “touch” to “look” 
or “look” to “not” after being injected may be difficult. Further, the biological meaning of 
changes is difficult to ascertain and therefore interpreting these types of results and 
developing recommendations based on them would be tenuous at best. 
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 More anatomical locations were unobservable post-injection. This may indicate 
that pigs were huddling closer together and thus anatomical locations were obstructed 
from view. This is consistent with the findings from Hart (1988) that reported more pigs 
exhibit huddling behavior in response to fever in attempts to restore the hypothalamic 
thermoregulatory set point and provide a less optimal environment to pathogens. 
 In the current study and our previous work (Weimer et al., 2012) approximately 
50% of the snout measures were unobservable when assessing the proximity from the 
observer’s index finger (38% pre-injection and 46% post-injection). Tail base proximity 
measures from the observer’s index finger had fewer unobservable data values, but there 
was still substantial data loss (8% pre-injection and 18% post-injection). The 
unobservable anatomical locations may have resulted from pen mates obstructing the 
view of either the snout, tail base, or both the snout and tail base. Fever induced sickness 
behavior includes the pigs seeking warmer environments to conserve body heat and it 
has been estimated that metabolic rate increases 13% for each degree in Celsius the 
pig’s body temperature reaches above normal (Johnson, 2002). The pigs’ attempt to 
conserve body heat by huddling could explain why more snout and tail base anatomical 
locations were obstructed from view post-injection compared to the number of snout and 
tail base anatomical locations obstructed from view pre-injection. Due to the large number 
of unobservable data values in measuring the proximity from the observer’s index finger 
to the pig’s snout and tail base anatomical locations, it is not recommended for use as a 
practical on-farm pig behavioral welfare assessment measure. 
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Implications 
 There were minimal differences between the live human observation and digital 
image evaluation methodologies and therefore, either could be used when assessing pig 
behavior in research or commercial conditions similar to the current study’s. The injection 
effects yielded more negative or lethargic behaviors in the CV-PCVM treatment group 
compared to CF/MF and saline injection treatments. The assumption that all pigs 
classified in the “not” category are fearful is inaccurate and a suggested approach to 
resolve this would be to count/classify only pigs that are piling when the animal-human 
approach test is used to assess pig welfare on-farm. The measurements utilized to 
determine the proximity from the observer’s index finger to the pig’s snout or tail base 
yielded an unacceptable number of unobservable anatomical locations to have relevance 
in a research setting or as a practical on-farm pig behavioral assessment tool. Future 
work should focus on determining the behavioral effects from each portion of the 
vaccination injection process. 
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Table 6.1. Description of pig postures and behaviors at the conclusion the animal-human 
interaction test at 15-s from the live human observation and digital image evaluation. 
Ethogram adapted from Hurnik et al. (1995). 
 
Measure  Definition 
Classification at 15-s for live human observation and digital image evaluation 
Touch  Any part of the pigs’ body touching the human observer 
Look  Eye contact (both eyes) with the observer 
Not  Pigs not exhibiting the above two behavioral classifications  
Approach  Summation of the number of pigs in the Touch and Look 
categories 
Further classification of “not” pigs using digital image evaluation 
Postures 
Stand 
Sit 
Pile  
  
Upright position with all four feet on the floor 
Back legs relaxed with body resting on the floor with 
buttocks or thighs 
Two or more feet off of floor with body erected atop a pen 
mate  
Lie  All legs relaxed with underside in contact with the floor 
Behaviors   
Head in feeder 
Mouth around drinker 
 Head down in feeder  
Mouth on nipple of drinker 
149 
 
Table 6.2. Nursery pig behavior (“touch”, “look”, and “not”) means (± SE) pre- and post-
injection (values and percentages) from live human observation and digital image 
evaluation when housed in commercial conditions.1 
 Methodology2  
 Live Digital P-values 
No. pens 149 149  
 Pre-injection3    
  Touch4, no. pigs/pen 0.4 ± 0.1 0.4 ± 0.1 0.97 
  Touch, % pigs/pen 10.6 ± 0.9 10.6 ± 0.9 0.86 
  Look, no pigs/pen 6.9 ± 0.2 6.7 ± 0.2 0.13 
  Look, % pigs/pen 34.6 ± 1.0 33.5 ± 1.0 0.12 
  Not, no. pigs/pen 11.1 ± 0.2 11.2 ± 0.2 0.35 
  Not, % pigs/pen 54.9 ± 1.0 55.9 ± 1.0 0.13 
Post-injection    
  Touch, no. pigs/pen 0.1 ± 0.1 0.1 ± 0.1 0.97 
  Touch, % pigs/pen 9.4 ± 0.9 9.4 ± 0.9 0.78 
  Look, no. pigs/pen 5.6 ± 0.2 5.8 ± 0.2 0.13 
  Look, % pigs/pen 27.7 ± 0.9 28.8 ± 0.9 0.10 
  Not, no. pigs/pen 12.6 ± 0.2 12.4 ± 0.2 0.16 
  Not, % pigs/pen 62.8 ± 1.2 61.9 ± 1.2 0.12 
1 Commercial conditions pens measuring 1.8 m width x 3 m length. 
2 Live observation was defined as the pig classification counts taken by the observer in 
real-time; Digital image was defined as the pig classification counts taken from the digital 
image captured at the time of live observation. 
3 Pre-injection observations conducted prior to injection treatment; Post-injection 
observations conducted after injection treatment was given, 6 h after injection treatments 
were administered and 24 h after pre-injection observations were conducted; Difference 
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was not reported because there were no statistical differences between the live 
observation and digital image evaluation methods pre- and post-injection. 
4 Touch was defined as any part of the pigs’ body touching the human observer; Look was 
defined as eye contact (both eyes) with the observer; Not was defined as pigs not 
exhibiting the above two behavioral classifications.  
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Table 6.3. Nursery pig behavior (“approach” and “not”) means (± SE) pre- and post-
injection (values and percentages) from live human observation and digital image 
evaluation when housed in commercial conditions.1 
 Methodology2  
 Live Digital P-values 
No. pens 149 149  
Pre-injection3    
  Approach4, no. pigs/pen 9.1 ± 0.2 8.9 ± 0.2 0.13 
  Approach, % pigs/pen 45.2 ± 1.0 44.1 ± 1.0 0.13 
  Not, no. pigs/pen 11.1 ± 0.2 11.2 ± 0.2 0.13 
  Not, % pigs/pen 54.9 ± 1.0 55.9 ± 1.0 0.13 
Post-injection    
  Approach, no. pigs/pen 7.5 ± 0.2 7.7 ± 0.2 0.15 
  Approach, % pigs/pen 37.2 ± 1.2 38.2 ± 1.2 0.11 
  Not, no. pigs/pen 12.6 ± 0.2 12.4 ± 0.2 0.16 
  Not, % pigs/pen 62.8 ± 1.2 61.9 ± 1.2 0.12 
1Commercial conditions pens measuring 1.8 m width x 3 m length. 
2Live observation was defined as the pig classification counts taken by the observer in 
real-time; Digital image was defined as the pig classification counts taken from the digital 
image captured at the time of live observation. 
3Pre-injection observations conducted prior to injection treatment; Post-injection 
observations conducted after injection treatment was given, 6 h after injection treatments 
were administered and 24 h after pre-injection observations were conducted; Difference 
was not reported because there were no statistical differences between the live 
observation and digital image evaluation methods pre- and post-injection. 
4Approach was defined as the summation of pigs in the Touch and Look categories 
(defined as any part of the pigs’ body touching the human observer and eye contact (both 
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eyes) with the observer); Not was defined as pigs not exhibiting the above two behavioral 
classifications. 
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Table 6.4. Nursery pig behavior (“touch”, “look”, and “not”) means (± SE) from live human 
observation (values and percentages) pre- and post-injection and the difference when 
housed in commercial conditions.1 
 Injection Treatment2  
 CF/MF CV-PCVM Saline P-values 
No. pens 48 51 50  
Pre-injection3     
  Touch4, No./pigs 1.7 ± 0.3 2.0 ± 0.3 1.9 ± 0.3 0.72 
  Touch, % of pigs 9.8 ± 1.6 11.5 ± 1.6 10.4 ± 1.6 0.75 
  Look, No./pigs 7.0 ± 0.4 7.3 ± 0.4 7.0 ± 0.4 0.88 
  Look, % of pigs 34.3 ± 1.7 35.5 ± 1.7 34.1 ± 1.7 0.82 
  Not, No./pigs 11.5 ± 0.5 10.9 ± 0.5 11.6 ± 0.5 0.52 
  Not, % of pigs 55.9 ± 1.6 53.0 ± 1.6 55.5 ± 1.6 0.40 
Post-injection     
  Touch, No./pigs 2.0 ± 0.3a 0.9 ± 0.2b 2.4 ± 0.4a 0.0005 
  Touch, % of pigs 11.3 ± 1.5a 5.1 ± 1.5b 13.1 ± 1.5a 0.0005 
  Look, No./pigs 6.0 ± 0.4a 4.7 ± 0.3b 6.4 ± 0.4a 0.0014 
  Look, %of pigs 29.2 ± 1.7a 22.6 ± 1.7b 31.4 ± 1.7a 0.0008 
  Not, No./pigs 12.2 ± 0.5a 14.8 ± 0.6b 11.5 ± 0.5a <0.0001 
  Not, Percentage of pigs 59.4 ± 1.8a 72.3 ± 1.8b 55.4 ± 1.8a <0.0001 
Difference     
  Touch, No./pigs + 0.3 ± 0.3a - 1.3 ± 0.3b + 0.6 ± 0.3a <0.0001 
  Touch, %of pigs + 1.6 ± 1.3a - 6.4 ± 1.3b + 2.8 ± 1.3a <0.0001 
  Look, No./pigs - 1.0 ± 0.5a - 2.6 ±0.5b -0.6 ± 0.5a 0.0071 
  Look, % of pigs - 5.1 ± 2.3a - 12.9 ± 2.2b - 2.7 ± 2.3a 0.0047 
  Not, No./pigs + 0.7 ± 0.5a + 3.9 ± 0.5b - 0.2 ± 0.5a <0.0001 
  Not, % of pigs + 3.5 ± 2.3a + 19.3 ± 2.3b - 0.1 ± 2.3a <0.0001 
1 Commercial conditions pens measuring 1.8 m width x 3 m length. 
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2 Pigs were either treated with CircoFLEX/MycoFLEX (2-mL dose; Boehringer Ingelheim 
Vetmedica, Inc, St. Joseph, Missouri; CF/MF), Circumvent-PCVM (2 mL dose; Merck, 
Whitehouse Station, New Jersey; CV-PCVM) or phosphate buffered saline (2-mL dose; 
Saline), each administered as a single intramuscular dose injected into the right lateral 
cervical musculature using a 16- gauge needle. 
3 Pre-injection observations conducted prior to injection treatment; Post-injection 
observations conducted after injection treatment was given, 6 hours after injection 
treatments were administered and 24 hours after-pre injection observations were 
conducted; Difference was calculated by pre-injection values minus post-injection values. 
4 Touch defined as any part of the pig’s body touching the human observer; Look defined 
as eye contact (with both eyes) with the observer; Not was defined as pigs not exhibiting 
the above two behavioral classifications. 
ab Means within a row with no common superscript are significantly different (P < 0.05). 
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Table 6.5. Nursery pig behavior (“touch”, “look”, and “not”) means (± SE) from digital 
image evaluation (values and percentages) pre- and post-injection and the difference 
when housed in commercial conditions.1 
 Injection Treatment2  
 CF/MF CV-PCVM Saline P-values 
No. pens 48 51 50  
Pre-injection3     
  Touch4, No./pigs 1.7 ± 0.3 2.2 ± 0.3 1.8 ± 0.3 0.54 
0.54   Touch, % of pigs 9.8 ± 1.0 12.0 ± 1.6 10.0 ± 1.2 
  Look, No./pigs 6.7 ± 0.4 7.1 ± 0.4 6.9 ± 0.4 0.82 
0.80   Look, % of pigs 32.8 ± 1.8 34.5 ± 1.8 33.5 ± 1.8 
  Not, No./pigs 11.7 ± 0.5 11.1 ± 0.5 11.7 ± 0.5 0.47 
0.22   Not, % of pigs 57.3 ± 1.6 53.5 ± 1.6 56.6 ± 1.6 
 Post-injection     
  Touch, No./pigs 2.0 ± 0.3a 0.9 ± 0.2b 2.3 ± 0.4a 0.0006 
0.0005   Touch, % of pigs 11.3 ± 1.2a 5.1 ± 1.5b 13.1 ± 1.5a 
  Look, No./pigs 5.7 ± 0.4a 5.0 ± 0.3a 6.8 ± 0.4b 0.0019 
0.0002   Look, % of pigs 27.8 ± 1.5a 24.4 ± 1.5a 33.2 ± 1.5b 
  Not, No./pigs 12.5 ± 0.5a 14.4 ± 0.6b 11.1 ± 0.5c <0.0001 
<0.0001   Not, % of pigs 60.9 ± 1.7a 70.5 ± 1.7b 53.7 ± 1.7c 
 Difference     
  Touch, No./pigs + 0.3 ± 0.3a -1.4 ± 0.3b + 0.7 ± 0.3a <0.0001 
  Touch, % of pigs + 1.5 ± 1.3a - 6.9 ± 1.2b + 3.1 ± 1.3a <0.0001 
  Look, No./pigs -1.0 ± 0.4a -2.0 ± 0.4ab -0.1 ± 0.4b 0.0036 
  Look, % of pigs - 5.0 ± 2.0a - 10.1 ± 2.0ab - 0.3 ± 2.0c 0.0027 
  Not, No./pigs + 0.7 ± .04a + 3.5 ± 0.4b -0.6 ± 0.4c <0.0001 
  Not, % of pigs + 3.6 ± 2.0a + 17.0 ± 2.0b - 2.9 ± 2.0a <0.0001 
1 Commercial conditions pens measuring 1.8 m width x 3 m length. 
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2 Pigs were either treated with CircoFLEX/MycoFLEX (2-mL dose; Boehringer Ingelheim 
Vetmedica, Inc, St. Joseph, Missouri; CF/MF), Circumvent-PCVM (2 mL dose; Merck, 
Whitehouse Station, New Jersey; CV-PCVM) or phosphate buffered saline (2-mL dose; 
Saline), each administered as a single intramuscular dose injected into the right lateral 
cervical musculature using a 16- gauge needle. 
3 Pre-injection observations conducted prior to injection treatment; Post-injection 
observations conducted after injection treatment was given, 6 h after injection treatments 
were administered and 24 h after pre-injection observations were conducted; Difference 
was calculated by pre-injection values minus post-injection values. 
4 Touch defined as any part of the pig’s body touching the human observer; Look defined 
as eye contact (with both eyes) with the observer; Not was defined as pigs not exhibiting 
the above two behavioral classifications. 
abc  Means within a row with no common superscript are significantly different (P < 0.05). 
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Table 6.6. Nursery pig behavior (“approach” and “not”) means (± SE) from live human 
observation methodology (percentages and values) pre- and post-injection and the 
difference when housed in commercial conditions.1 
 Injection Treatment2  
 CF/MF CV-PCVM Saline P-values 
No. pens 48 51 50  
Pre-injection3, %     
  Approach4 44.1 ± 1.6 47.0 ± 1.6 44.5 ± 1.6 0.39 
  Not 55.9 ± 1.6 55.0 ± 1.6 55.5 ± 1.6 0.39 
Post-injection, %     
  Approach 40.6 ± 1.8a 27.7 ± 1.8b 44.6 ± 1.8a <0.0001 
  Not 59.4 ± 1.8a 72.3 ± 1.8b 55.4 ± 1.8a <0.0001 
Difference, %     
  Approach - 3.5 ± 2.3a -19.3 ± 2.3b + 0.1 ± 2.3a <0.0001 
  Not + 3.5 ± 2.3a + 19.3 ± 2.3b -0.1 ± 2.3a <0.0001 
Pre-injection, No./pigs     
  Approach 9.0 9.6 9.2 . 
  Not 11.5 10.9 11.4 . 
Post-injection, No./pigs     
  Approach 8.3 5.7 9.2 . 
  Not 12.2 14.8 11.4 . 
Difference, No./pigs     
  Approach - 0.7 - 3.9 0 . 
  Not + 0.7 + 3.9 0 . 
1 No statistical model could be run for values and are descriptive; Commercial conditions 
pens measuring 1.8 m width x 3 m length. 
2 Pigs were either treated with CircoFLEX/MycoFLEX (2-mL dose; Boehringer Ingelheim 
Vetmedica, Inc, St. Joseph, Missouri; CF/MF), Circumvent-PCVM (2 mL dose; Merck, 
Whitehouse Station, New Jersey; CV-PCVM) or phosphate buffered saline (2-mL dose; 
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Saline), each administered as a single intramuscular dose injected into the right lateral 
cervical musculature using a 16- gauge needle. 
3 Pre-injection observations conducted prior to injection treatment; Post-injection 
observations conducted after injection treatment was given, 6 h after injection treatments 
were administered and 24 h after pre injection observations were conducted; Difference 
was calculated by pre-injection values minus post-injection values. 
4 Approach was defined as the summation of pigs in the Touch and Look categories 
(defined as any part of the pigs’ body touching the human observer and eye contact (both 
eyes) with the observer, respectively); Not was defined as pigs not exhibiting the above 
two behavioral classifications. 
ab Means within a row with no common superscript are significantly different (P < 0.05). 
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Table 6.7. Nursery pig behavior (“approach” and “not”) means (± SE) from digital image 
evaluation (values and percentages) pre- and post-injection and the difference when 
housed in commercial conditions.1 
 Injection Treatment2  
 CF/MF CV-PCVM Saline P-values 
No. pens 48 51 50  
Pre-injection3,%     
  Approach4 42.7 ± 1.6 46.5 ± 1.6 43.4 ± 1.6 0.22 
  Not 57.3 ± 1.6 53.5 ± 1.6 56.6 ± 1.6 0.22 
Post-injection, %     
  Approach 39.1 ± 1.7a 29.5 ± 1.7b 46.3 ± 1.7c <0.0001 
  Not 61.0 ± 1.7a 70.5 ± 1.7b 53.7 ± 1.7c <0.0001 
Difference, %     
  Approach - 3.6 ± 2.0 - 17.0 ± 2.0 + 2.9 ± 2.0 <0.0001 
  Not + 3.6 ± 2.0 + 17.0 ± 2.0 - 2.9 ± 2.0 <0.0001 
Pre-injection, No./pigs     
  Approach 8.7 9.5 9.0 . 
  Not 11.8 11.0 11.6 . 
Post-injection, No./pigs     
  Approach 8.0 6.1 9.5 . 
  Not 12.5 14.4 11.1 . 
Difference, No./pigs     
  Approach - 0.7 - 3.4 + 0.5 . 
  Not + 0.7 + 3.4 - 0.5 . 
1 Commercial conditions pens measuring 1.8 m width x 3 m length. 
2 Pigs were either treated with CircoFLEX/MycoFLEX (2-mL dose; Boehringer Ingelheim 
Vetmedica, Inc, St. Joseph, Missouri; CF/MF), Circumvent-PCVM (2 mL dose; Merck, 
Whitehouse Station, New Jersey; CV-PCVM) or phosphate buffered saline (2-mL dose; 
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Saline), each administered as a single intramuscular dose injected into the right lateral 
cervical musculature using a 16- gauge needle. 
3 Pre-injection observations conducted prior to injection treatment; Post-injection 
observations conducted after injection treatment was given, 6 h after injection treatments 
were administered and 24 h after pre-injection observations were conducted; Difference 
was calculated by pre-injection values minus post-injection values. 
4 Approach was defined as the summation of pigs in the Touch and Look categories 
(defined as any part of the pigs’ body touching the human observer and eye contact (both 
eyes) with the observer, respectively);Not was defined as pigs not exhibiting the above 
two behavioral classifications. 
abc Means within a row with no common superscript are significantly different (P < 0.05). 
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Table 6.8. Nursery pigs classified in the “Not” category means (±SE) for postures and behaviors (percentages) from digital 
image evaluation pre- and post-injection and the difference when housed in commercial conditions.1 
 Injection Treatment2  
 CF/MF CV-PCVM Saline P-values 
No. pens 48 51 50  
Pre-injection3, % 
 Postures4 
    
  Stand, pigs/not/pen 81.2 ± 2.3 83.0 ± 2.2 86.3 ± 2.3 0.28 
  Sit, pigs/not/pen 6.5 ± 1.2 3.8 ± 1.2 5.7 ± 1.2 0.25 
  Pile, pigs/not/pen 2.4 ± 0.7 1.4 ± 0.7 1.2 ± 0.7 0.47 
  Lie, pigs/not/pen 7.2 ± 1.7 8.5 ± 1.6 4.3 ± 1.6 0.17 
 Behaviors     
  Head in feeder, pigs/not/pen 1.6 ± 0.6 1.5 ± 0.5 1.2 ± 0.6 0.90 
  Mouth around drinker, pigs/not/pen 1.0 ± 0.5 1.9 ± 0.5 1.2 ± 0.5 0.48 
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Table 6.8. Continued. Nursery pigs classified in the “Not” category means (±SE) for postures and behaviors (percentages) 
from digital image evaluation pre- and post-injection and the difference when housed in commercial conditions.1 
 Injection Treatment2  
 CF/MF CV-PCVM Saline P-values 
No. pens 48 51 50  
Post-injection, % 
 Postures 
  Stand, pigs/not/pen 79.5 ± 2.8a 59.0 ± 2.7b 80.8 ± 2.7a <0.0001 
  Sit, pigs/not/pen 4.2 ± 1.6a 20.4 ± 1.5b 7.7 ± 1.6a <0.0001 
  Pile, pigs/not/pen 1.4 ± 0.6 1.9 ± 0.5 0.8 ± 0.6 0.34 
  Lie, pigs/not/pen 10.9 ± 2.0a 17.5 ± 2.0b 7.1 ± 2.0a 0.0013 
 Behaviors     
  Head in feeder, pigs/not/pen 2.3 ± 0.6a 0.4 ± 0.6b 1.7 ± 0.6ab 0.09 
  Mouth around drinker, pigs/not/pen 1.7 ± 0.5 0.8 ± 0.5 2.0 ± 0.5 0.22 
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Table 6.8. Continued. Nursery pigs classified in the “Not” category means (±SE) for postures and behaviors (percentages) 
from digital image evaluation pre- and post-injection and the difference when housed in commercial conditions.1 
 Injection Treatment2  
 CF/MF CV-PCVM Saline P-values 
No. pens 48 51 50  
Difference, % 
 Postures 
    
  Stand, pigs/not/pen - 1.7 ± 2.7a - 24.0 ± 2.7b - 5.5 ± 2.7a <0.0001 
  Sit, pigs/not/pen - 2.3 ± 1.7a + 16.6 ± 1.7b + 1.9 ± 1.7a <0.0001 
  Pile, pigs/not/pen - 0.5 ± 0.8 + 0.5 ± 0.8 - 1.0 ± 0.8 0.37 
  Lie, pigs/not/pen + 2.8 ± 1.9a + 9.0 ± 1.8b + 3.7 ± 1.9a 0.04 
 Behaviors     
  Head in feeder, pigs/not/pen + 0.7 ± 0.8 - 1.1 ± 0.7 + 0.5 ± 0.7 0.19 
  Mouth around drinker, pigs/not/pen + 0.7 ± 0.8 - 1.1 ± 0.7 + 0.8 ± 0.7 0.13 
1 “Not” postures and behavior count data could not be compared statistically due to the change in total “not” pigs from pre- 
to post-injection treatment administration; Commercial conditions pens measuring 1.8 m width x 3 m length. 
2 Pigs were either treated with CircoFLEX/MycoFLEX (2-mL dose; Boehringer Ingelheim Vetmedica, Inc, St. Joseph, 
Missouri; CF/MF), Circumvent-PCVM (2 mL dose; Merck, Whitehouse Station, New Jersey; CV-PCVM) or phosphate 
buffered saline (2-mL dose; Saline), each administered as a single intramuscular dose injected into the right lateral cervical 
musculature using a 16- gauge needle.
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3Pre-injection observations conducted prior to injection treatment; Post-injection observations conducted after injection 
treatment was given, 6 h after injection treatments were administered and 24 h after pre-injection observations were 
conducted; Difference was calculated by pre-injection values minus post-injection values. 
4 Stand defined as upright position with all four feet on the floor; Sit defined as back legs relaxed with body resting on the 
floor with buttocks or thighs; Pile defined as two or more feet off of floor with body erected atop a pen mate; Lie defined as 
all legs relaxed with underside in contact with the floor; Head in feeder defined as head down in feeder; Mouth around 
drinker defined as mouth on nipple of drinker. 
ab  Means within a row with no common superscript are significantly different (P < 0.05). 
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Table 6.9. Nursery pig snout and tail base proximities from the human observer’s index 
finger within the behavioral categories (“touch”, “look”, and “not”) using digital image 
evaluation housed in commercial conditions.1 
 Injection Treatment2  
 CF/MF CV-PCVM Saline P values 
No. pens 48 51 50  
Pre-injection3     
Touch4, snout5 14.2 ± 2.5 14.3 ± 2.4 15.6 ± 2.3 0.88 
Touch, tail base 74.2 ± 2.2 73.9 ± 2.0 76.8 ± 2.2 0.57 
Look, snout 85.8 ± 2.3 86.9 ± 2.3 83.9 ± 2.3 0.63 
Look, tail base 116.4 ± 2.0 115.8 ± 2.0 114.5 ± 2.0 0.80 
Not, snout 119.8 ± 2.3 113.1 ± 2.4 116.4 ± 2.2 0.13 
Not, tail base 127.5 ± 1.5 125.7 ± 1.5 128.5 ± 1.4 0.37 
Post-injection     
Touch, snout 28.8 ± 4.6 23.6 ± 6.4 18.2 ± 4.5 0.26 
Touch, tail base 70.5 ± 2.4 75.7 ± 3.4 72.3 ± 2.1 0.44 
Look, snout 83.8 ± 2.3a 91.8 ± 2.2b 87.7 ± 2.1ab 0.05 
Look, tail base 110.9 ± 2.3a 121.1 ± 2.4b 118.4 ± 2.2b 0.008 
Not, snout 121.5 ± 2.1 124.3 ± 2.0 124.8 ± 2.2 0.49 
Not, tail base 128.7 ± 1.3 127.0 ± 1.4 131.6 ± 1.4 0.06 
1 Commercial conditions pens measuring 1.8 m width x 3 m length. 
2 Pigs were either treated with CircoFLEX/MycoFLEX (2-mL dose; Boehringer Ingelheim 
Vetmedica, Inc, St. Joseph, Missouri; CF/MF), Circumvent-PCVM (2 mL dose; Merck, 
Whitehouse Station, New Jersey; CV-PCVM) or phosphate buffered saline (2-mL dose; 
Saline), each administered as a single intramuscular dose injected into the right lateral 
cervical musculature using a 16- gauge needle. 
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3 Touch was defined as any part of the pigs’ body touching the human observer ; Look was 
defined as eye contact (both eyes) with the observer; Not was defined as pigs not 
exhibiting the above two behavioral classifications. 
4 Pre-injection observations conducted prior to injection treatment; Post-injection 
observations conducted after injection treatment was given, 6 h after injection treatments 
were administered and 24 h after pre-injection observations were conducted. 
5 Snout anatomical measure was defined as the midpoint of the superior nose and tail 
base was defined as the point of the pig’s superior rear where the tail began; where the 
proximities were measured on the digital image per pig to the index finger of the human 
observer’s outstretched hand (using the ruler tool of Adobe Photoshop CS5, Adobe 
Systems, Inc., San Jose, California). A standardized setting was determined using a ratio 
of the feeder length and the pixel length of the feeder in the digital image (620 pixels/90.4 
cm). 
ab  Means within a row with no common superscript are significantly different (P < 0.05).
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Figure 6.1. Nursery room schematic from live human observation. 
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Figure 6.2. Placement of the nursery pen image capturing device, the photographer in the 
alleyway, and the human observer within the nursery pen from live human observation. 
 
1 Indicates the placement of the observer’s feet. 
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CHAPTER 6: GENERAL CONCLUSION 
The expectation from retailers and the public for food animal producers to 
continually evaluate and improve on-farm animal welfare practices will continue. The U.S. 
swine industry has the Pork Quality Plus education and assessment program and starting 
in 2011 began on-farm third party verification. However, the lack of an animal-human 
based measure in the current program has drawn criticism from some activist groups. 
Therefore, investigating the feasibility of collecting on-farm animal-human based 
measures that are repeatable, objective and meaningful is critical. The objective of the 
first study in this thesis was to build a nursery pen image capturing device that could 
produce a digital image concurrently with live human pig observation to allow 
comparisons between the live observation and digital image evaluation methodologies for 
pigs classified into “touch”, “look”, and “not” behavioral categories. The overall conclusion 
for pigs housed in small nursery pens was that a device could be built and used on farm. 
In addition, there were no differences between these two methodologies. The objective of 
the second study in this thesis was to compare live human observation with digital image 
evaluation methodologies for pigs classified into “touch”, “look”, and “not” behavioral 
categories in commercial nursery pens. The digital image evaluation resulted in the 
inclusion of more “look” and less “not” classified pigs compared to live human 
observation. The majority of pigs classified as “not” were standing and only 2.5% of pigs 
were classified as piling. The behavioral differences between the two methodologies may 
have included (1) live observer field of vision limitations (2) data collection time points for 
the methods differed and (3) pig and observer anatomy obstructions at the time of the 
count. The objective of the third study from this thesis was to compare live human 
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observation and digital image evaluation for the same pig behavioral categories as well as 
to determine behavioral injection effects in commercial nursery pens. There was no 
difference between the live and digital methodologies for pigs classified as “touch”, “look”, 
“not”, and “approach.” There was no difference pre-injection for postures and behaviors. 
Post-injection, less Circumvent-PCVM treated pigs were classified as “touch” and “look” 
with more “not” compared to CircoFLEX/MycoFLEX and saline control treated pigs. When 
“not” pigs were broken down into behaviors and postures, fewer Circumvent-PCVM pigs 
were standing but more were sitting and lying compared to CircoFLEX/MycoFLEX and 
saline control pigs post-injection. 
In conclusion, the live human observation methodology of classifying nursery pig 
behavior was the quicker on-farm method compared to digital image evaluation. The 
digital image allowed for more animal-human interaction measures to be collected i.e. 
behaviors, postures, location, and proximity from the human in the pen. Determining what 
activities the pigs are engaged in if not considered “approaching” would provide 
information to a producer, veterinarian, and/or assessor with respect to their overall 
comfort level. It would be erroneous to conclude that all pigs classified as “not” are fearful 
of humans in their home pen and therefore in a compromised welfare state. As a caveat, 
classifying pigs in the “not” category is time consuming and therefore the digital image 
evaluation methodology would likely not be accepted within an industry on-farm 
assessment program. Therefore, if “negative” behavior(s) (i.e. piling or escape) were 
counted instead of behaviors and postures considered to not negatively affect welfare, 
then only a few pigs in a pen would likely need to be counted and the remainder would be 
counted as “acceptable” or “not fearful.” Therefore, when deciding upon which 
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methodology (live human observation and digital image evaluation) to use for an animal-
human interaction test, the decision will be based on it being practical, repeatable, 
meaningful, and fast.
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